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THOMAS STERRY HUNT, M. A., D. Sc, LL. D., F. R. S. 

Bv PkrmifouFrjizkii. 

Tin* subject of this notice expired of an affection of the heart in 
the Park Avenue hotel. New York citv, Febniarv 12th. 181>2;» 
man wiio made his influence felt in many departments of sci<»nce, 
and whose hilM>i*s in the flt^lds of chemistry, geology. an<l miner- 
alojfv have enrichetl those sciences; not onlv directlv. ]>ut imli- 
rectiy by <lrawing the attention of other master minds to many 
moot points concerning thc»m. On his father's side, his ances- 
tors and their descendants have left enduring remains of their 
work l>oth in art and lettera, one of the earliest of his line who 
livetl in America, William Hunt, having been one of the founderd 
of Coui'oi'd. Mass. On his mother's si<le his lineage is enrichetl 
b}' '•the gentle, mystic Peter Sterry. and that uncompromising 
preacher, Thomas Sterry, who wroti* the notable tract. 'The Hot 
Among the Bishops,' in lOCu. and that gave to New England 
Consider and Thomas Sterry, the Mathematicians'* (Biographieul 
sketch of T. S. Hunt by .James Poughis). Consider St<'rry was^ 
civil enirineer and the author of text books on arithmetic and al- 
gebra in use a hundred years ago. Thomas Sterry Hunt was 
l)oru in Norwich. Conn.. Seiiteniber Jth, 1S2*». During his early 
childhood his fatlier moved to Poughkeepsic and died there when 
the subject of this memoir was but twelve years old; wliereu|K>n 
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his rnotlu'i; '«7ni'^»**r t':iinil\ nt' six rhil<lr«'ii n'tiiriHsl to tlH*ir o; 
h(>rm^ in 'Xorwirii. Km- n wliilr Tlmm:!*. :itl«*iHliMl the piibl 
HuhiM>|/j»tit >o(>n was calUMi to :tsNi><t in the sunpnrt of \\\v faiDil^ 
y*^'\ rJ^ found rn))>li»\ nicnl lirsi in :t print inir oilicci tlicMi in nil a|M)t] 
* • ti'k'nrv's shop: and tinallv In a ImniU •^lon*. Althouirh lit* n*iiiaiii(r 
• %.\ ** hut six months in each of thi>M* sitn:ili<>ns it is nnnv than pni) 
• ahit' that his i-xtri'nu'h i«'i-»'pii\r iniml was stnuijrlv inlli] 

cmiocmI liy all of thfSi' o«-iMipati«Hi-<. lli* trrijuontlv attriltiittHl lii 
atttMition to ih'taiK ill the corrcrtiiiii lit' MS., and his f| nick aii 
iiiuTrin;! di'tiM-tinii of fault** in t\ |M»;:rapliv. to his rxp«*ric*nc.-o :is 
pi'actit'al prinlrr. His afttr ln\«' nf cjirinisti'V roiihl n«)l bii 
havi* Iii'i'n ih'VfltMMMl if it was mmI insiij;at«'d 1»v his sniToiiiHlin^s i: 
thf siM'oinl of ilusi* sitnalion>: ami his lo\<- of jri'iu'ral lUoratiir 
and faniiliaritv with antli«>rs dnniMlr^^ ciiinuu'iHvd with hi 
opportunity to pniwl t>\4T a 4MillcctiMii nf niiscclhincoiis lHH>k$> 
ahsorhin<r their contents in the interval «d' his aetive cliitifs. vav 
hiyin<^ the fonmhitiiMi of that <<>n'«-et expression and puiv styi 
whieli distinu;nish(>d t<i tlii> la^t hi«« ^siioUeii and writleii tlioiiifhtj 
Some of the elements of |)r. limit s ir^'nin** wi'iv a life-l«>nji liahi 
of atti'iition. an aeenrate jndiiinent to seh'et out of tlio assiirte 
impressions n*eeived that whieh wa^ \alnal»le or now. a phiMiom 
t'lial meimuy in retainin«j: sn<li <«>Meepts. and eonsistoni'V in adopi 
in*; tluMii to regulate hiseondiiet nr nuMlifv his ideas. It is thrn 
fore not at all in<*r«MliMc tiiat ihi^ e\eeediii«;ly impr(*srti«»nabl 
mind at its most ini|n-essionaltK- a;:e may have assimilate 
ImMIi the tasti's and tiie faeiillies whieh direcliMl the (•our* 
of his after life durin;:: tin* siiurt periods of thosH* divore 
4K*enpations. This is remleii'd the nn»re pniUildo from th 
faet menti«un'd hy Mr. iKMinlas, tiial on leaving; tiu'st' thn-^ 
fiiiplovments to assume the duties of elerk in a not too bust 
wmntry store, tin* fnlun* Taiita?' |)oiti»r kept a skidotoii and cer 
tain honie-maile elu'inii al apparatus umier the eoiintrr for use in 
the intervals attt»rded l»y iii-. tiunniereia! <inlies, lie carried (M1 
uriixinal researeh in lliis rural rrtn-ai even while ma.slor ins the rud- 
iments <if ehemistry. lie visiiiil the sixth annual imt'tiDg uf 
the Ass«ieia;iou nf Aiuerieau • ieM!ii;j:ists and Naturalists held Id 
the ixe«»li>ijieal leeTun- lo. 1:11 nf Valr i'«»lh'ixe from WiHlnesdav. 
April !iUih. tn Tue-* lay. ^l:i\ •-. 1^1."). ami was then^ elected n 
inemher of tiiat li<>.i\ h i^ iuicri ^liui: to nol<' that in his nine- 
teenlh \e.ir. at lliis. tin- tir^i n:e.:inLl lu- attendcil of the IhxIv 
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which four years aftorwtmlH became the American AswK^ialioii for 

fl 

the Advaiicemeiit of Seieiic(», Dr. C T. Jackson iiuule a commu- 
nication "On the copper and silver of Kewenaw Point.'* and 
Prof. Jf. I>. Uojj:ers *'sul)mitted some remarks on the question of 
the Taconic rocks," &c, , which the speaker believed to be "only 
the well known lower Ap])alachian strata disguised by some altera- 
tion of mineral tvpe induced by igneous metamorphosis." These 
two subji'cts were destined to receive great attention at the new 
member s hands down lo the last days of his life. 

ft 

Al the lirst meeting of the A. A. A. S., held in Philadelphia, 
Fepteml)er. 1S4S. l*rof. Jlunt read a paper "On Acid Springs and 
(ivpsuni l>e[)osits of the ()n<»ndaga Salt (iroup. " and at tliis meet- 
ing Profs. W. 1^ tJc \\. E. l^ogers read a paper on -'The Compar- 
ative Solubilitv of tln' ('arl)onate of iiime and Mairnesia. ' estab- 
lishing the fact that in water iinpregnatiMJ with CO^. carlionate 
of mairnesia is more soluble than carlionate of lime." The studv 
related to the formation of dolomites, and contained the germ of 
an idea splendidly developed by Dr. Hunt in after y«'ars in con- 
nection with the cause of the ditference in per cent, of magnesia 
of the limestones deposited in the oldest and those in tin* newer 
geological seas. ()n(» might easily an<l perha))s profitably trace the 
origin of many investigations which Dr. Hunt has pursued to 
brilliant discoveries in tln^ sometimes vague, but to him. sugg(»stive 
([uestions and observations at these scientillc meetings. lb' re- 
mained in Vale for alM*ut a vear an<l a half, until some time in 
lS4(i. as the assistant of Prof. B. S. Silliman, Jr.. through whose 
aid and that of Prof. Benj. Silliman, Sr. , he obtained the appoint- 
ment of chemist to the geological survey of V(»rmont, under the 
charge of Prof. ('. H. Adams. 

The year f(»llowing. on the death of .Mr. Dennison Olmstead. Jr., 
whose phute on tlu' ^'ermont survey he had taken when >Ir. Olm- 
stead assumecl similar duties for the g<*ological survey of <\Mnada, 
>Ir. Hunt again stepped into the vacated position and moved to Mon- 
treal, where beiran that intimate association with the chi«*f jjeolo- 
gist. Sir William Logan, which was to last for twenty-five years, 
or from IS 17 until 1S72. During a part of this time he lectured 
on chemistry (in Fri'uch) at the University of Laval (185(i-'()2), 
an<l for four years on chemistry and mineralogy at McGill Uni- 
versity. Uesides these duties and the absorbing work of the 
geological survey which reipiired not only his research in the labo- 
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ralorv and hi the tu'in, hut a vorv oonsidorablo aiiioiint of tlio lit- 
erary suiM*rvisi<»ii of tlu* volumes issued, lie wrote an immense 
number of papers, many (»f which were contributed to »'SiIliman'H 
.Journal.' 

His first vo^'age to Europe was undertiiken as a delegate* of 
the (Jeological Survey of Canada to the International Exposition 
at ]*aris, in IS.').'), where he was selected as one of tlie jury of 
award, and during his stay was invested with the decoration of 
Chevalier (»f the Legion of Honor. Subseipiently he was pro- 
moted bv the French (iovernment to be an otficer of this order. 

In IS,')!* he was elected a Fellow of the Koval Societv of Lon<lon. 
Tie was again an otiicial delegate from Canada to the London Ex- 
position of 1802. and afterwards serve<l in the some capacity at 
]^u*is in ISIh. In 1S71 he was elected a meml)er of the Xationul 
Academv of Science of the I'nited States. 

From 1S72 t<» 187S he resided in Boston and lectured on geology 
at the Massachusetts Institute of Technology. In 1S71 he was 
elected president of the A. A. A. S. Before this Harvard had 
recognized his merit and conferred upon him the title of M. A., 
and the IInivei*sity of Laval that of LL. H. In IS77 he was elected 
president of the American Institute of Mining Engineers. In 
ISSl Cambridire Universitv. England, bestowed on him. with more 
than usual ceremonv, the degree of LL. I>. He was one of the 
oriirinal members of the Roval Societv of (^anada and its third 
president. During the year 187(», of the (\'ntennial Ex|K)sitioii 
in Philadelphia (where he was al.so on the jnrv). he first definitely 
took measures to insure the calling together of a geological con- 
gress of the world, and caused a resolution looking to that end to 
be passed at the ButiTalo meeting of the A. A. A. S. 

The reunion of this congress, which occurred in Paris, in 1S7K, 
was so far due t<» his skillful efforts that without his aid it could 
not have been held at that time, though that then* would idti- 
mately have been called t<»gether such a congress sooner or later, 
no one doubts. The first suggestion was made ]»y Dr. Hunt, 
4»veu if we acce.i)t the date at which Prof. Capellini. of Bologna, 
claims that he made a similar i)roposition not knowing of the 
earlier onir. luit even after the proposal had been accepted by the 
American Association, and a committee appointed, the enterprise 
would have Iuhmi relegated to the dust hole of so many of its 
magnificent uncompleted i)lans. but for the tact, skill and perse- 
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veranf<* of Dr. Hunt, who plaoiMl hinisolf in relations with sonic of 
thr nion* proniin<*nt foreign tijcolojxjsts. wisely juMlng them tit tn*st 
to the Anierieiin connniltee. :in<l jiftenvnrds giive imlispensuble 
aid to the Freneli connniltee which orirnnizctl the first meeting in 
Paris, in 1S7S. 

At the celebnition of the one hnndreth anniversary of the <Hs- 
eovery of oxytren jras (which was fitly selected as the date of the 
birth of modern chemistry), hchl near the grave of l^ricstlcy, in 
Northumberland, Pennsylvania, Dr. Hunt was among the ]n<»st dis- 
tinguished guests and vice-pr(»sidcnts. and nnidc. as was usual with 
him on such occasions, one of the most thoughtful and impressive 
a<hlresses, <'ntitled ^-A Century's Progress in Chemical Theory.'' 



It had oriirinally Ite^ii intended that youuir Huntshouhl lit him- 
self for the profession of me<licine. but his strong inclination for 
research in chemistry and jreolojrv resulted, as has been shown, 
in his adopting a career of pure science, interrupted only occa- 
sionally by economical reports which only <litrere<l from his other 
work by haviiitr the consideration of values ad<lcd to them. 

Among his earlier chemical essays such as • The theory of 
chemical changes and ecjuivalent volumes,' in ISTilJ, it was evident 
that he was strouirlv impressed by the l»rilliant r**sults of baurent 
and iicrhardt in the forties and early fifties, and as in so many 
other cases, this inlluence is apparent even in his latest chemical 
works.and is notably in the Xorthumberhnida<ldress just allutlcd to. 

It was characteristic of the man that, while fully alive to I'very 
new <liscovery of science, he never forgot the researches of the 
older savants, and invariably i)rel'erred to i)roc(MMl fr<»m their un- 
finisluMl lines to the newe?>t ircneralizations. rather than to take a 
discovery which was a natural constMiucnce of one of these incom- 
ph'te lin(»s as a new departun*. It is through the la)>ors of such 
men as he that the hist«»ry of scieiUilic discovery is a contiinious 
narrative and not a mere desultory collocation of daz/Jim; para- 
graphs. He gleaned the memoirs of the past thinkers, carefully 
pondering their words and endowing much that was vague and 
ambiiTuous with a meaniuu: which bri<l<rcd over the irap between 
theirs and the most modern work. 

In the ••Introduction a 1 ctmle kV* la Cliimie par le Msteme 
nnitaire" (Ch. (Jerhardt. Paris, ].S4S, p. TI*). the author writes. 
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*'To oacli inoljillie or moUillous (»<|uivalont corresiMiiul peculiar 
properties as we slinll see fiirtlu»r on. It is as if hydnigen were 
replaced in tiiese two kinds of cond»inations bv tlie same metal 
ditferentlv condensed. * 

Further on he states the law of condimsation in the form of 
-JJ- r= V in which j) — atomic weight: d = specific gravity, and v 
= the atomic volume. Precisely the same (Hiuation is used bv Dr. 
Hunt in his essav on "The coiHlicient of mineral condensation in 
Chemist rv," <Jtc., where p represents an uliquitt fnnf of the chemi- 
cal species, d = the specitic gravity, and v =r the reciprocal of 
the co<*tlicient of condensation. It will be noticed in Dr. Hunt's 
works that he avoids where possible the employment of the wonl 
atom, anrl uses instead -ecpiivalent weight.' lledi<l not believe? 
that the existence of atoms had been demonstrated, nor did he 
accept the doctrine of interatomic space. He believed matter 
to be continuous and without interstices. Thus, in the address at 
Xortlnnnberhind, he says: ••I)alton, as you are aware, linked his 
discoveries with the old hypothesis of the atomic constituti<»n of 
matter which is however bv no means necessarilv connected with 
the great laws of combinatiim by weiijht and 1)V number." And 
again, in his peroration, he .says: '-The phenomena of chemistry 
lie on a plane above tho.se of physics and to my apprehension tlie 
jnocesses with which the latter science nnikes us acciuainted can 
afford :\t best onl}' imi)erfect anal«»gies wluMi applied to the ex- 
planation of chemical phenomena to the elucidation of which they 
are wholly inadeciuat(». In chemical change the uniting bodies 

rontf tn «trriiini tin- SiffUr SjHlcr at thr sttfHf ft'ntr. and tllC impCUl*- 

trabilitv of matter is seen t(»be no longer a fact, the volume of the 
combining masses is confounded, and all the i)hysical and physi- 
ological charact*'rs which art^ our guides in the regi<»n of ])livsics 
fail us. gravity alone excepted: the diamond ffisst,frrs in oxygen 
gas and the identity of chlorine and of sodium are lost in that of 
sea salt. 

'•To say that chemical union is in its essence idcntilication, as 
Hegel has delined it, seems to me the simplest statement con- 
ceivable. ■ 

"The type of the chemical proerss is found in solution, from 
which it is jjos^ible. under change*! physical conditions to re- 
generate the oritrinal species. Can our science aflirni more than 
this, and are we not going beyond the limits of a sound philosoph}' 
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'when we endeavor bv hy|K)lheses of hani iiarticles with void spaces, 
of utoiuH and moleeules, with ix)nds and links to exphiin chemical 
affinities, and when we give a concrete form to our mechanical 
c(»ncepti<)ns of theirreat laws of definite and nuilliple proportions 
to which the chemical process is subordinated? Let us not con- 
found the ima<]:e with the thing itself, until, in the language of 
IJrodie, in the discussion of this very (piestion. 'we mistake the 
-suggestions of fancy for the reality of nature, and we cease to 
distinguisli between conjecture and fact.' The atomic liyimthesis 
by the aid of which Dalton sought to explain his great gen(»niiiza- 
tions, has done good service in chemistry, as the Newtonian theory 
of light did in optics, but is already losing its hold on many ad- 
vance<l tliinkers in our science. " 

He says in a previous part of tlie sanu» address: ''The doctrine 
-of types, first enunciated by Dumas, advanced by Laurent and 
perfected by the labors of others, may be said to be the basis of 
"Our present chemical theory. It was the conception of the dual 
water type which first rendere<l clear tlie theory of ethers and 
anhydrous monobasic acids, and thence the generation of bi1)asic 
and tribasic acids, whose derivation from tlie water type I taught 
as early as 1S4S. some years bef<»re these views were accepted by 
Williamson and (rcrhardt. whose names are usnallv associated 
with this extension of the (»rii;inal doctrine of Dumas. " 

Kelating to his peculiar views in regard to interstellar space and 
the connection of the matter which he supposed to fill it with an 
iitmosphere, he says (id.): 

'•If now we admit, as I am dispose<l to do with Mattieu AVill- 
lams, that our atmosphere and ocean are not simply terrestrial but 
<?osmical. and are a portion of the medium which in an attenuatcMl 
form fills the interstellary spaces, these same nebulje and their 
resulting worlds may b<» evolved by a process of chnnical con- 
<leusation from this univei*sal atmosphere to which they would 
isust^iin a relation somewhat analogous to that of clouds ami rain 
to the atpieous vapor around us." 

Dr. Hunt elaborated this theme in his presidential ad(h*ess be- 
fore the Amer. Inst, of Mining Kngin(»ers on another a<'casi()n, 
liis (juery being, whence is all the carbon derivi'tl which is found 
in organic structure and combined in the rocks as carbonates?* and 
his conclusion that it was drawn fnun 'Muterstellary space. ' |)er- 
haps in<lin»ctly from other planets. 
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This attitude of Dr. Hunt towards the atomic tiu»orv and the 
concrete notions of atoms and molecules has heen assumed \\x 
past years hysome distinguished ciiemistsand is not yet wholly ob- 
solete. It was <hie, with little doubt, to the reaction which had 
set in from the mistaken fear that chemists had hec^n h»d afield 
by the brilliant jjenera ligations of l^erzelius. The writer has else- 
where considered this panic,* but it isi)ertinent to mention briefly 
the facts here. 

The jrreat Hcrzclius had successfully <]etermincd th(» least com- 
bining weights of a great number of substances, and had be<*n led 
to apply to these weights the theory of Da Hon, and a theory 
])ased upon the electrical results of Sir Humphrey Davy. 

IFe had thus built up his system of atoms, binary, and ternary 
compounds: each molecule of the latter two being composed of an 
electro-positive and an electro-negative (element or compound. 
Tie made the single mistake of supposing that in a supposed electro- 
positive group no electronegative element could be found. 
When he carried this idea into the synthesis of organic com- 
pounds, he was met by discoveries (such as >fels(»ns' in 1S42, of 
ehloracetic acid) which rendered it impos^sible for him to maintain 
this hypothesis. It was not duly considered at the time that the 
portion of the Bcrzelian hypothesis which was proven to be incon- 
sistent with the facts was a minor and unessential |»art of the 
whole, and that the great an<l important generalization of this 
master among masters remained untouched. His inetfectual ef- 
forts to bolster up the fallacious i)art of his system threw doubt 
on it all, and one by one his strongest supporters abandoned his 
entire beautiful theory for a species of cluMnical agnosticism. 

Finally, in 1S4S, (imelin. in the colossal dictionary of chcmis- 
try, (humorously called 'a handbook, ') aban(b)ned all attempts at 
graphic description of compounds and went back to the apparent 
weijrht of com))ination of Lavoisier s time. This timorousness of 
the chemists of that davall'ected the progress of theory for nearly 
thirty years, and it was durinir these years that |)r. Hunt was 
active in research. [See the History of Chemistry by von Mever, 
Leipzig. 1SS!»J. The motive of this abandonment of the ground 
so irallantlv won by Horzi»lius was doubtless a good one, viz: th<' 
desire to av<»id the faults of the alchemists, and to contine the 

*'*Tln' llel|>s and HiiidnmcfN to the I*ro^n*ss of (.'li»Mni<'nl Tln'orv,'' 
IntnKhiciion to clMMnical lecliirn course at the Franklin Institute^ 
November lOrli. IMMl. 
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activity of workers to concrete facts jiiul indisputable conclusions, 
but it was like a panic in an army, and lost many a jjjr(»at mind 
like that of T)r. Hunt to the abstract branch of clu»mical research. 

In the peri<Ml covtTed by Dr. Hunt's w^ork it was not good form 
among tin* masters to consider tlicoretical chemistry at all. but 
rather to work sedulously to collect facts. Yet these facts once 
gained it has resulted that the old fabric of IJerzelius has lu^m 
nverected. Achlitional supei*structure indee<l has been added, 
but his foundations have been left untouched. 

As an illustration of the unconscious n»petltion by Ih*. Hunt 
of the ment^il processes of <Jerhardt. compare* his statement -re- 
garding the detinition of organic chemistry in •• A new l)asis of 
chemistry (^ ir>) with the following language of (Jerhanlt: 
**(V)nime toutes les maticres organi(ju<'s sans exce])tion aucune» 
renfermeut du carbone. on i)eut dire (prelle - (la chimie organi- 
(jue) — ''est la chimi** du carbone." [Ch. (Jerliardt Precis de 
Chimie Organiepie, Notices preliminaires, Paris, IS44. ] The 
minds of these men worked in similar grooves, and had Hr. Hunt 
replaced LaunMit in collaboration with (ierliardt it is very prob- 
able that similar results would have been obtained. 

His research in miiu'ralogv and «rooloo:v was of similar char- 
acter to that in chemistry. Here a^ain liesides the keen obscrv- 
ing iM»wer of a ••Forscher * Dr. Hunt was an attentive student 
of tin* literature of his su))ject. and he seldom, if ever, made the 
mistake of beginniuix an old investiiration as if lie were the lii*st 
to think of it. On the contrarv, it seemed his mission to exhume 
an<l revitali/.i* tht» views of the oldest savants in th<* subjects that 
he treated: imparting to their words a meaning which either had 
not been iuidei*stood, or the import of which had been overlooke<l. 
It is thus that we find him going back to Wenu'r's views in his 
^•crenitic" hypothesis: to Amos Katon. in his reconstructi<»n of 
the base of the American colunni: to Hn*ithaupt. in his classitica- 
tion of mineral species. And wlumier or not in every <*ase the 
original vit»ws of his snl>ject justillcd his interpretation of th(»m, 
the attention which he calle(l to these views thresht'd out tin* re- 
maining seed which had not been previously extracttMl and nnule 
more s«»cure the fame of the old masters. The tendenev of this 
treatment also was I»enelicial in restricting the nunilu'r of new 
** schools. " 

On the otlu»r hand it nuisl be acknowledired that l>r. Hunt in 
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the later period of his life often H|jeiit t(K> mueh of his vahial)Ic 
ttuie ill reclamations of precedence in the announcement of 
generalizations wliieh had been vase ribe<l to others, luising his 
claim sometimes on printed words of his own which di<l not un- 
mistakably (U^fine the same ideas. There is no (question that in 
tliese eases h(» was sincere, and that from liis point of view his 
chiims were jusl, for he cominenoed liis useful career as a s(^icn- 
titie writer with more than the usual amount of that caution 
which is the indispensable (piality of a true savant. Still, he 
was the uiKpiestioned author of so much that was valuable that 
he might well have spared himself the controversy and annoyance 
of these struggles, some of which were very unpleasant to him. 

He will be remembered (^hieHv bv his valuable additions to our 
knowledge of the constitution <»f the crystalline rocks and his 
theories concerning their genesis and classiticatlon. Ilis leading; 
thought for thirty years was that minerals took the place in 
crystalline rocks of fossils in the* clastic rocks as a means of de- 
termination of their history, relative agi'. <!t'c. , but he nowhere 
prettMided (as sometimes has been unjustly said of him) that we 
were yet able to interpret aright all of the phenomena they pn?- 
.sented. 

He was an entliusiastic admirer of tlowers and a skillful botan- 
ist and arborist. contributing much to bring to the attenti(»n of 
the public the necessity of caring for our wantonly wasted forests, 
and interestiny: himself jjreatlv in the establishment in Tanada 
an<l the I'nited Stales of Arbor da v. 

He was also a keen critic and an omniverous reader of the cur- 
rent French an*l Knglish literature, being especially fond of 
poetry. His memory of the thoughts of those poets wh(mi he 
most ailmired was extraordinary, and as a rest from the graver 
lalx)rs of a geological investigation he would sometimes rei)eat 
pages of grac(»ful lines. While extremely cautious in exi»ressing 
any opinions on religious subjei-ts he <lid not conceal from those 
who enjoyed much of his society that he was an agnostic of his 
own peculiar kind, neither allirming nor denying any of the dog- 
mas of anv chun-h. but tlndinir much to respect in all of them. 

Like most men of abilitv, J)r. Hunt admiri'd women and recog- 
nize<l the need of their relining intluence. lie was too gn'at a 
man to bi' al)ove eniovin<r •■small talk" when he found himself 
anioncj those wli<» produced no other kind, and if it was surprising 
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to hear this k»arne(I stMcntist repejitiii*j; paijesof soiituueiital veree, 
It was still more s<» to n<»t(» that not only conUl he on oocHsion 
exeel in the art of eolorless polite eonvei-satioii. hut iiivariahly 
exeiteil tiie aihniratioii of liis hearers hv his aeeurate memory for 
the thousand trifles >vhieh form its staple, and, in faet, act- 
ually enjoyed it. Nevertheless, a word was enoujjli to divert him 
from this lis^ht pastime, and he would lose the smilin<ir presence 
which aeeonipanied his badinage and drop by instinct inti) a 
thoughtful and well expressed monologue. 

He liad a keen .sense of the humorous and a loud and conta- 
gious huigh which inspin'd in f)thers as much hilarity as the sally 
>vhich called it forth. Hi.s nature was emotional, but controlled 
by strong and well balanced reasoning power, so that no serious 
A'ic»w of his on any scientitic subject was influenced by it. It 
follows that where this reasoning iM)wer was not ex(»reised, as in 
the ordinary small worries an<l mishaps of life he exhibited an 
4»xtreme passion, tenderness, or .sensitiyeness. Tiiis charac- 
teristic while it enabled him to enjoy much that was unfelt by a 
coarser nature, was nevertheless, the cause t<» him of extreme 
suffering from causes which would have ma<le no impression on 
most men. 

His weaknesses werr not those which couhl detract from his 
greatness, nor did tlu»v contain anything sonlid or hateful, while 
th(» salient points which distinguished him alM»ve ()thei*s placiMi 
liim in that indefinable class of iirreat men whose thoughts have 
moulded our century. Ft was an instructive lesson in psyehoh>gy 
to stand beside him and observe how sm<M>thly and forcefully his 
mind workccl on subje<*ts of the greatest difficulty, and how 
beautifully it recorde<l its work in well chosen sentences cadenced 
to express the small(»st variations of meaning, and so beautifully 
<*lear as to render further interpretation unnecessary even f<»r the 
least intelligent of his hearers. 

The conversion of Dr. Hunt from the views of Mather, who in 1H4^^ 
rejected the theory which ussuuumI the Adirondacks or Macomb 
mountains to be i>rimary truciss.as desL'ribed by Maclure in 1S17 
und afterwards more fully by Amos Katon in 1S;>2, and substi- 

ft ft 

tuted another in which a great part of the crystalline rocks of New 
York, such as the Highlands, and also those of rana<la.were con- 
siden»d altered Silurian deposits, gives a good illustration of his 
fairness and astutene.*>s. While Murray and his olHcial superior. 
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JjOgiin, were of the opinion that the CIreen Mouutniu range in 
Canatia was altennl paleozoic, Hunt was privately convinced of 
the truth of the conclusions drawn by Maefarlane & Higsb}^ in 
18()2-G;>, and though for several years he could not state his 
change of view in the olllcial ))ul»licatious of the Canada <ieoh)gi- 
eal Survev, he announced it in 1S7(L and added additional rea- 
sons in its support. Dr. Hunt has given a sketch of this episode 
in the A.mkrican <iK<>LO(iisr. [(Geological history of the ()uebi»c 
group, vol. V. p. 212, 18!)0.J 

This conversion made him an active [)artisan of the pre- 
Cambrian party in similar controversies in other countries, and 
brought him in contact with Dr. Hicks, who in 1S(>7, in collabora- 
tion with Harkness. published his reasons for ditfering from the 
opinion of De La iJeche, Murchison and Ramsay, that the 
crvstalline schists of north and south Wales were altered Cam- 
brian. Hicks finally announced in 1877 that they belonged to 
two unconformable series of ditferent geological ages, but both 
older than the oldest Cambrian. In 1878 Dr. Hunt, Prof. 
Hughes, of (\imbridge. Prof. Torell and others, visited the 
localities in Anglesev and Carnarvonshire, and confirmed Dr. 
Hicks conclusions. The historv of this irontroversv between the 
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official geologists of the iirilisli (Jeological Survev and Dr. Hicks, 
and ultimately the complete triumph of the latter, are matters of 
recent occurrence. Dr. Hunt h'Ut valuable assistance to his 
Welsh friend besides finding; a confirmation ot his own eonclu- 
sions as to the pre-Cambrian character of like American series in 
this analotrous diseoverv across the sea. 



One of the secrets of Dr. Hunts success was his indefatigable 
imlustry. He rarely made notes in the field, but on returning 
from a long and arduous day s tramj) through the mountains 
retired to his room after the evening meal and wrote down the 
results of the days work, thus sparing himself many an erasure 
of opinions expressed in the morning which further obsi'rvation 
in the afternoon servtul to refute. This lal>or would often occupy 
him far into the niirht, but he never omittecl it. and his thus 
thoughtfully compiled notes often became without change, i)arts 
of his permanent works. 

H(* was one of the few great observers who w:is also a great 
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gcnemlizcr. Many persons who could not fully gmsp liis uioas 
»l)oko (li8paragin<i:ly of tlu* manner in which howouhl often allude 
Uy some j^eological horizon as occurring; from Alabama to Canada, 
but he had well weighed his words before making such statc- 
ments. an<l further investigation but serves to confirm their 
accuracv. 

ft 

He could see farther into the plan of construction of the 
earth's shell than his observations wouhl justify him in asserting, 
and he chafed at the restrictions which the slow accumulation of 
facts condemned him to; still he did not abus(» that highest of 
research's weaiions, the scientitic imaginaticm, but sulK>rdinated it 
in stating conclusions, and only gave it full play in the recon- 
naissance which precedes research. 

\\y Dr. Hunt's death, science is |K)orer by one earnest. votary, 
and Am(»rica is deprived of one brilliant and useful son. 



MAN AND THE GLACIAL PERIOD.* 

|{. D. Sausiil'UV, Cliicn^ro. III. 

This vohinie does not profess to be a contribution to iidviinced sci- 
ence, so much as a sinnniary of the work heretofore accoinjdished in 
certain lines of scientific activity. In itsauthorV words, it is intended 
to give '*a clear view of the present state of proj^ress in one de))artnient 
of the iiupiiries concerning man's antiqm'ty,'* that department l>eing 
indicated by the title of the lH)ok. The standards by which the book 
is to be judged are therefore not the standards whicli would l>e made 
use of were the lHM»k an original contribution. 

The j^eneral scoi)e of the lMM)k may Im» indicated by the headings of 
the various chapters. The.se are as foll(»ws: [.Introduction. II, F^x- 
istinj^ifhiciers. III. (ilacial ^lotion. IV. Si^iisof Past (tiaciation. V. 
-:Vncient <Tlaciers in the Western Hemisphere. VI. Ancient (Glaciers in 
the Kastern Hemisi»here. VII. Drainap* Systems in the (Jlacial Period. 
VIII. Kelics of Man in the (ilacial IVriod. IX. The Cause of the 
(flacial Period. X. The Date of the (ilacial IVriod. 

The purpo.se of the introduction is the definition of some elemen- 
tary terms used in ^laciology. Unfortunately some of the definitions 
given are ineoinplete, wliik* others are so far erroneous as to be 
wholly nn'sleadin^ if one is dependent on them. A glacier is said to 
be*'a mass of ice so situated and of such size as to have motion in it- 
self," (p. 2.) N('ve is said to be the "motionless part" of a glacier. 
To this motionless n<''v<' is attributed the function oi g«»nerating the 

*By iJ. Frederick Wright. International Sc'ientilic Series. 1). Apple- 
ton i& C)o. 
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"impiil8e" which gives the glacier its first movement, (p. 8). The 
8tate,ment concerning the origin of terminnl moraines recognizes only 
Kuperficial material ns entering int^) their constitution, (p. (M. Kettle- 
holes are ascribed to the melting of ice buried by d(»bris, (p. 7), but (m 
page 68 it is only a **majority" of **kettles," which are thus explained. 
With the exception of that concerning nr*ve, th(»se definitions are not 
wrong, but they are incomplete, and an» lik<>ly to give use to crron(»- 
ous conc(»ptions. 

The chapter on existing glaciers is n conv<'nient suininnry of known 
data concerning the distribution of existing glaciers. It could have 
been desired that fuller references to authorities hnd Iwen given here 
and elsewhere. iVrhaps the popular character of the b<M)k makes 
their omission pardomible. 

The discussion of the signs of past glaciation is concise and to the 
point and will commend itself to all readers. Hut we notice that in 
this connection one line of evidence which is locallv crucial, and al- 
ways significant, viz.: topography, is entirely omitted. 

C'hapters V, VI and VII are those which will most interest geolo- 
gists. The chapter on ancient glaciers in the western liemisphere 
gives a brief account of the? glacial period in North America, accom- 
panied by much fuller consideration of details concerning the drift 
formations of Pennsylvania than is demanded by the purjjoseof the 
book. The details add nothing to the portrayal of ihe subject in hand^ 
and can hardly fail to be C(mfusing to those who are not geologists. 

The position of the terminal moraine from the Atlantic <*oast west- 
ward to Ohio is carefully defined. But where the moraint' departs 
from the nuirgin of recognized drift, our author l(»aves the morainic 
line and traces out the line which marks the border of drift, withi»ut 
clearly indicating that the one line is not a continuation of the other. 
The departure of these two lines from each other west of Pennsyl- 
vania, taken together with all concomitant phenomena, is most signi- 
ficant for the theme of tlie l)ook. To the divergence of these two 
lines we attach much more importance than do(»s Prof. Wright. We 
should, therefore, have emphasized their separation much more thai» 
he does. 

Some ideas advanced in this chapter are not likely to command 
general assent. Concerning drumlins in general it is said (j). 7H) that 
"if time enough had elapsed, the whole accumulation (of the drum- 
lins) would have lM»en leveled by the glacier, and spread ov<'r the 
broader area where the more rapid lines of movement became con- 
fluent, and where the differential movement was less marked " This 
statement would seem to make drumlins the result of a destructive 
process, interrupt4*d l>efore its completion. Thisst.atemt»nt is made in 
connection with a reference of a])proval to Prof. Davis' view concern- 
ing the origin of drumlins, though it is not ch»ar whether or not pro- 
fessor Wright means to attribute this particular notion to Davis. 
The idea that drumlins are the result of a destructive process inter- 
rupted before its completion, finds further expression where the 
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author says (p. 94) that thf» druinlins of coiitrnl Xi*\v V'ork **are prob- 
ably remnants of a niorainic aoonmuhUion wliich \vf»re made clnrinjc 
a pause in the first advance of the iee, and were finally seulptured 
into their present shape by the onward movement of the i<*e." This 
view coneerninjj the origin of certain drnmlins was sujr^ested (by 
HitchctK'k. we iM^lieve) many years since, but we are not aware that 
it has found general acceptance. The peculiarly eUin^ated character 
of the New York drumiins,(iuite unlike* the **choppy" form of morainic 
hills, would seem to nuike this notion of their orijrin less applicable 
to tht» drumlins (»f <'enlrnl New York than to thos(» of any otlH»r r^- 
^ion. Surely the author is not consistent in acceptinj; J>avis' idea of 
drumlin origin, which distinctly nuikes them constructive forms, and 
in accepting; also this other idea, which as distinctly makes th(»m 
destructive* forms. 

On p. 1(K). the i lift rinhf iff' moraines whi<*h have been so carefully 
ditrerenlinted from c»ther forms of terminal moraines, are referred to 
as **a sort of medial nioraine." If Trof. Wrijjht's definition of medial 
moraines on p. (5 be right, and we think it is. these interl<»bate mo- 
raines are not in any sense medial moraines. They are ti-nninnl to 
two ice 1oIm»s along their line of meeting, and are. fhrnjorr, httirhthatc 
and not in nil If Hnixi' ^'mcffinl" 

It seems to us unfortunate, too, that at a stag(» in lh(» development 
of glaciology when kames and esk<*rs are<*onn'ng to be difT(M*entiated, 
that they should be classed together in a Iniok which purports to be 
up with tht* times. These two drift forms are no doubt somewhat re- 
lated, an<l tht» one nniy locally run into the other, but the types, as 
such, s<»em rea.*ionably distinct. 

We are compelled to dissent from our author's statemcMits (pp. 89, 
see also pp. 84-85) to the effect that in passing over a region furrowed 
by valleys, tlu* ice should extend further from its origin on the eleva- 
tions, than in the valleys. We are not fanu'liar with the facts in 
Pennsylvania, but in all regi«>ns with which w(» are familiar, the ice 
went further south in the depressicms than on the uplands, and wo 
do not se(.» how any other condition of things could be possible, as a 
general fact. 

To the statement (p. fift) "it should always be borne in mind that 
they [glacial strijc] represent th«» work done during the closing stages 
of the [ice] i>eriod," w<» also take exception, it seems certain that 
stria* made when the ice first invaded a region might easily become 
buried by drift, so as to be preserved indefinitely. 

It is to be regretted that a volume which has the commendable pur- 
pose of setting forth in popular form the results of glaciology to date, 
should lay so much stress upon the unity of the gla<*ial j>eriod. If 
Prof. Wright believes there was but one glacial efXM'li during the 
glacial period, he has a right to his belief, which no one will dispute. 
But since the aim is to set forth tli(» i)resent condition of opinion, it 
would have been better to have indicated that the vi(»w advocated in 
the volume is the view of the minority of those compet(»nt to form 
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jud>:iuents in tlio ])rtMnis(*s. No ono wlio liolds the* view that there 
were two or more ^Iai.*ial ejKiehs can eoinphiin that our author at- 
tempts to meet their arguments, but the> could wish that he had 
>jiven tliem more appreciative and more ade<iuate consideration. 
This much at least was due his readers. It does not seem to us that 
the arguments for more than one ice-t*p(K*h are at all met in any single 
instance. No point is urged against distinct epochs, which the be- 
lievers in recurrent epochs have not carefully consider(»d, and re- 
garded as Insutlicient t^) overbalance th<* positive evidence on the 
other side. 

If we luiderstand the arguments which have been adduced for more 
than one glacial ep<K'h. Prof. Wright has altogether ignored one of 
the strong«»st of them, unless liis third |K)inl (p. 118) is a nn'sinterpre 
tation of it. He refers to the "argument for two distinct glacial i)eri- 
ods, (we presume, he means epochs) drawn from the snuiller apparent 
amount (»f glacial erosion over the south(»rn part of glaciated area. 
♦ »«•«" ^\s ^ve imderstand the «»rosion arginnent, the above 
does not touch it. The argument is this: The older drift sheet (as 
interpreted by most glacialists who have studied it ) hn» Htfjf'tn'^l innrh 
nmn' suharridl trmtion MfiK'i' If irtiif laiii itottH than has the newer drift 
sheet ; — many glacialists would say several times as much. This i.s 
the only erosion argument we have known to be es[>ecially urged in 
KU)>port of two ice-ejKK*hs, and this our author do<.»s not touch. 

Since the idea of more than one ice-eptK*h began to receive careful 
attention, the drift of opinion ."ieems tt> have lieen towards its accept- 
ance. l)oth in America and in Kuro|K'. So far has this gone, that in a 
pajier just ptibJished, Prof. James (leikie gt)es to the extreme (as it 
would seem to nmny) of mapping the ice of th«» fourth glacial efHKih 
in Kurojie, and lM»lieves there was at least a Kfth. In this ))articular 
therefore, the volume can hardly Ik» said to rejiresent ''the present 
state of progress." 

In the course of his consideration of the argunuMits for two glacial 
eiKX*hs, Prof. Wright indicates that the (K*eanic waters probably 
reached southern Illinois and Indiana during the time of loess de|K)8i- 
tion, (p. 120). How this ctinclusion is reached we are not told. The 
fossils i>f the lm»ss would seem to l>e conclusive evidence against it. 
AVe are further told, (p. 118) that the probable cause of the ice-ei)och 
was a late Tertiary or post -Tertiary elevation. While this is a coni- 
inon view, there seem to us to be unanswered and unanswerable 
arguments against it, and if we are not mistaken the present drift of 
0))inion is away from it. 

In this connection. t^K», we have a strange ''well-known law of 
parsimony" slated, a law "which retpiires us in our explanation of 
phenomemi to l»e content with the least cau.se which is sufficient t^) 
priKluce them," api)arently without regard to its truth. This is cer- 
tainly a curious law\ 

In the chapter on drainage systems in the glacial ))eriod, we read 
again of the hypothetical glacial lake caused by the hy[>otheticaI ice- 
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dam lit ( Cincinnati. We tiad Hupixined this notion nearly olmolete. 
It ha8 tMMMi (toncluHively shown, w) it seenin to ninny K**<»**>>n»*tH, that 
if the hyiK>thetieaI iee-<iain nnd itn lake existed at Cineinnati. it could 
not have formed the terraces attributed Xai it, since they are not lake 
terrw^es. It has lieen further slum n that the silts ascril>ed to the lake 
along the Ohio alane the site of the aHegt'd ice-dam, are continuous 
with like silts which <K*cupy corresiMtnding )K>sitions below th(» nlleged 
ice-dam, and therefore wer(» not dej>osited in a lake made by it. If, 
therefore, the Cincinnati ic<»-dMm hy|M>thesis survive, its sn|>|N>rters 
must needs find some new basis f<»r it to rest upon, for ti dam must 
have a foundation laMieath it. 

Pn»f. WriglU seems to us often unjust toother Americaji geologists. 
H<mie of these are ignored, even when their work has a direct and im- 
portant bearing upon the subject under discussion. In s*»n)e cases 
they are misquoted or [misinterpreted, or their work put in a false 
relaticmship. This is doubtless a no more serious charge than care- 
lessness. But in st)me cases the <'arelessness g<M^s so far as to be seri- 
ous. For example: l*res. Chamberlin is (|uoted as "maintaiin'ng" that 
the i<'e-ep<H'hs were "separated by a jK'riml in which the ice had 
wholly disap|M»an»d from the glaciated area to the north.** (p. KHh. 
(/hamlH»rlin's |>rinted statement on this |M)int, in discussing the retreat 
of the ice after the first glacMal ep<K*h. is this: ''How far to the north 
this retreat carrie<l the margin has not yet U^en a.scertaine<l. but the 
growing tendency of the gathering eviden<'e is to throw it farther and 
farther back, and it is thought to 1m' <|uite saf«» t<» believe that it with- 
drew i»ntirely from our territory, if not from the Canadian highland'* 
(vol. I. (tcoI. of Wis., p. 271 ). The sann* author is again mis()uoted in 
connection with l*rof. (*omst<K*k. These gentlemen have suggest«»d 
that changes of latitude in past times nniy |M'rhaps have Immmi a (*ause 
of glacial clinuite in those regions which now |m>ss(>ss a genial climate, 
Kuppf>rting the suggestion by astronomical observations on actual 
variations in latitutle in recent times. They have pointed out the 
importanct» of careful observation on this point in the future, and the 
need of most th<»rough investigation of the whole subje<*t of pole 
moviMuents. One or lK)th of then) have s|)eculated concerning the 
climatic results whi<*h would Jnive attended wanderings of the pole 
extensive enough to bring it down to (treenhnKl. For this tlu'v are 
quoted (p. IX)7) as "maintaining** that the north pole "was somewhere 
in the region of central (Greenland * * *" at the time of the gla- 
cial period. 

Again, in connection with the n*ferences to the driftlcss area. (]>. 
103) the credit for its explanation, so far as it is explained, is attri- 
buted to ('hamberlin. Hut Wincliell and Irving had both urged some 
IMiints i?i tin* accepted explanation befon* its fuller statiMuent by 
Chamberlin. and to eacrh belongs some ])art of the credit. The refer- 
ence to the work of Mr. Leveret t (j). 101) seems to imply that it is 
inconsistent with the work of ('hamberlin. while in point of fad this 
work was inaugurat<ed and directed by the latter, and some of the 
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preliminary dctrrininatioiis were iiindo by him. The rcforcMico to tho 
work of \Vhfttles(\v (j». |(M>) is such »s to give the* impression tluit he 
had fully understood and interpreted the* **kettk» rniij^e" of eastern 
Wisconsin. Col. \Vhitth»sey was, we believe, tlie first to recognize its 
glacial origin, l)ut we believe he did not k*> further. Many other 
Illustrations of ina<*curate statements of the views an<l works of others 
might 1m» cited. These things are of importanci* to the public chielly 
jn showing th(» carelessness with which the book has been pre|)an»d. 

It is no exaggeration to say that facts are no more carefully dealt 
with than authors. Of this, nmre than one instanci* has already been 
pointed out. We take space for but a single further illustration. 
This is the nuip of the Tn^nlon gravels, and the statejniMits con<*ern- 
ing the lM(M'sto<*ene for?nati(»ns along the J)elawar(». This is critical 
ground for the cjuest ion announced in tin* title of the volume. The 
Trenton gravtds are nuippcMl as extending north-ward beyond the 
confines of New .Ier.«<ey. They are mapped as extending something 
like ten miles below Trenton on the New Jersey side of the river. 
The Trenton gravels, properly speaking, do not extend north of Bel- 
videre, where the ternu'nal moraine crosses the Delaware. There is 
gravel in the helaware vall(»y north <»f that point to be sure, but it is 
of much lat<*r origin than t Jiat at Trenton. That at Trentcm is (»f 
equal age with tin* gravel of th(» dissevered terrace reaching as far 
north as Ktdvidere. but no further. Its e(piivalent doubtless exist-s 
along the Delaware to the south. 15ut it has not been defined. If 
the sand an<l gravel of the area map|)ed as Trenton gravel l)elow 
Trenton be really its ecpiivalent. then the area runs much further 
south. I^ut we think Vrof. Wright has given no attention to this 
question, and tliat he is not attempting a new mapping. The Trent^m 
gravel was. we are confident, d«*posited not '*when the ice had 
molted far back towards the head-waters of the Delaware'' (p. 261), 
but during the last glacial eiHK»h while the ice edge stood at Helvidero. 
Pn)f. Wright's conclusion as to the time of deposition of the Trenton 
gravels is forced \\\\ou him by his adherence to the d<K!trin(» of but one 
ice-ejMX'h. There are the troublesome Philadelphia brick clays 
(Columbia) which even Prof. Wright recognizes as much older than 
the Trenton gravels, to Im» accounted for. If the two formations 
must be included within the limits of one ice-ep(K*h, it is no wonder 
that the origin of the latter is assigned to a date much later than that 
of the moraine, even if the facts of their stratigraphy must be 
neglected to get them there. There is really no area with which we 
are familuir where the evidence for more than one ice-ep<K'h during 
the glacial ])eriod is stronger than in the Delaware valley. If Prof. 
Wright d<M»s not see it there, he is not likely to see it elsewhere. 

Such an expression as "glaciated driftless area" and such a state- 
ment as that '*the transporting capacity of water is in inverse ratio 
to the sixth power of its velocity'' (p. 53). are to be noted only to se- 
cure their correction in future editions. They are mere slips. Per- 
haps the reference (p. 69) to "gneiss," "containing beautiful crystals 
of porphyry" belongs in the same category. 
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In two i)hices our author makes eliiiins wliioh w(^ think are not jus- 
tifiod. Tho stat(Mnont (p. 212) that "during the summer of 1882,1 
discovered the existence of unmistakabh* ghieial deposits in Boone 
■county" (Ky.). seems hardly consistent with the earlier published 
descriptions of the Ko<ine county drift by ^lessrs. Sutt<m and "Warder.. 
From tliese autliors, Prof. Wright himself (pioted in 1884. Again 
(p. H2), our author says, **I luive traced this limit of southern bowlders 
for thousands of miles across the continent, according to the delinea- 
tion which may be seen in the map in a later chapter." This is cer- 
tainly an unscientific exaggeration. 

If we turn to the anthropological or archaological side of the book, 
we find the discussion very brief, so far as glacial jnan in America is 
■concernt^d : ])roperly s<^, since the (»vidence dops not aippear to be 
voluminous. Our author's conclusion is, that jialeolithic man existed 
in America during the glacial e|MM"h. It is not represented that this 
<*onclusion is <|uestioned, or that it is open to question. The evidence 
is regarded as sufiicient. Kven if this conclusion seems to the author 
warranted, it would have been but just to his readers and to arclueol- 
ogists, who hold different views, had the author stated that there is a 
growing feeling that the evidence of glacial nuui is not beyond q4ies- 
tion. So far as America is concerned, the evidence of '^paleolithic" 
man, glacial, pre-glacial, or post-glacial, is now l<K>ked upon by many 
as extremely suspicious in character, as well as meagre in quantity. 

With reference to the "paleolithic implenuMits" which are thought 
to prove the exist^-nce of glacial man, two or three troublesome ques- 
tions have been raised, ntme of which l*rof. Wright considers. Im- 
l)lements and works of art may be introduced into gravel by various 
pnx^esses, after the gravels themselves have been laid down. Were 
the ''paleolithic implements'' so introduced? This is a geoh)gical, not 
an archjeologitral question. Expert geological testimony that the 
'''implements" are so ass(K*iated with the gravel as to prove that they 
were introduced int-o it during its deposition in glacial times, is not' 
forthcoming. If they were intrmlnced later, the sup]H>sed proof of 
;(lacial man is gone. 

8o far as this line of evidence Is concerned, recent investigation 
seems to indicate conclusively that the "implements" of another lo- 
cality cit<»d by our author, were intrmluced into the glacial gravel in 
post-glacial times. Perhaps the same may have l)een true at Trenton. 
There is a growing conviction that such may have been the case. It 
is not regarded as certain, therefore, that the "implements" at Tren- 
ton, are of glacial age. In the se<H)nd place there is a question as to 
whether they are "implements" at all. And yet again, it is doubted 
whether they are "i)aleolithi<\" As the matter now stands the Dela- 
ware valley "implements" therefore, cannot l»e said to prove the ex- 
istence of glacial man, or even of "paleolithic" man. The case ip no 
better if we turn to the other localities cited. Of these newer ques- 
tionings and conclusions we find nothing. On this point the author 
has not fulfilled his purxwse of giving the general public "a clear 
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view of the preHPiit state of pnif^n^KH in this one depHrtment of the 
rnquiriet* concerning man'n nntiquity." 

We do not wi«h to \w ijnder8t<MMl to en 1 1 In qiMwtion the veracity of 
those who have re|M>rted 'MmplenientH" in glacial gravels. We have 
no reaKon to doubt that their concUiHionK have lieen honestly stated. 
But they may have l)een in ern>r in thinking the gravel, containing 
the works of art, undisturlMMl. 

Enough has Iwen said to show that in "Man and the (ilacial Period," 
facts are l(K)sely dealt with, that authors are hKisely quoted, and some- 
times misqm)ted, and that interpretations are sometimes given with- 
out question, when tlie evidence does not warrant them. 

Vnirenity of Chicago, \or. /.». 



FRONDESCENT HEMATITE. 

Ky N. 11. WiNCBRi.u MinnnapollH. 
FlaTKS II AND III. 

In the April (1S92) nuinlwr of the (Jkomxiist, Mr. W. 8. 
Gresley gave an iihHtratcHl description of a '• piK'uliar phenome- 
non in hematite, * derived from some mine in the lake Superior 
region to him unknown. The fibrous structure of the ore sug- 
gested the name trood iron orr, although it was not supp<)sed that 
the ore resulted f nmi fossilizat ion of wood. Mr. (Jreslev called 
particular attention to the pwuliar holes seen passing through 
the specimen there photographed, this Ix'ing the chief feature of 
interest. 

Recently a larger spi^cimen of the same form of dense hematite 
has come un<ler the writer's notice and the accompanying plates 
(n and III) arc rcjjnKluctions alMMit two-thirds natural size from 
photographs of the opposite sides of this specimen. It is said to 
have come fixunthe Vulcan mine, Michigan, and is one of the finest 
of its kind, Ueferring to the very full and accuraU» descriptions of 
the physieal characters by .Mr. (rresley, every feature he has 
mentioned, so fnr as noticed, appears on this specimen, but in 
addition there is a larger number of the peculiar channels pierc- 
ing this mass, and there is a furtluT development of the radiat- 
ing filaments or fibers which, in their completion in frond-like 
growths, indicate the relation of these channels to the process of 
develo[)mcnt. It appears that in the process of increase these 
fibers, starting from diff(*rent but slightly distant points, and 
kaviug a tendency to expand by multiplication, tiie growths soon 
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began {a intorfiTe with oiicli (»thor. The lino of oontact, which 
iMH^ame a plane as tht^ gn>wth eontinued. iH marked hy the more 
or less distinct phinc of separation, the |)osition of wliich can be 
seen in the surface lines extending fn)m these channels upwanl, 
<ir in the dire<^tion of increase of the mass. Following these fibers 
upward to their summits, they an» seen to spn»ad out like some 
fwmdescent vegeUible growths, thus illustrating the tendency of 
inorganic matter to simulate the forms seen in organic. This is 
a familiar fact, and is witnessed in frost on window-panes in 
winter and in dendrites in the crevices of nicks, as well as in 
iiome agates and chalcedony. Some ludicrous mistakes have 
Ikhmi made by microscopists in referring such shapes to organic 
causes. lK)th in the crystalline roi^ks and in meteoriU^s. 

The principal problem, however, touching these lumiatite 
masses, consists in the exist<Mice of these channels which main- 
tain their forms and in the main also their direction through the 
mass. They wore supj^ostnl by Mr. iJresley ix»ssibly to owe 
their existence to the removal of some object round which the 
liematitc had gn)wn. but it appears to the writer that they datt^ 
from the time of the development of X\w crystals, and arc normal 
and natunil. Their courses can be seen in plate ni. and their re- 
lations to the growing fil>ers can Ih» seen in plat<' ii. While they 
run, in general, alnnit perpendicular to thr fibrous structun', they 
vary from that direction, and their sha[)es are also various. They 
an* always plactMl in such jMisitions that they lie in or across the 
planes of contJu»t of two opposit<»-spreading frondescent growths, 
and in some cases thev are at th(» lower extremity of such contact 
planes. It app<'ars as if in the first instance they mark the 
vacancies left by the first contacts of over-arching growths frooi 
opposite directions, in the manner of aisles among thickly-sel 
twws. The contacting branches then interfered with the free 
<5irculationof air, or whaU^ver gases there may hav(»lM»en present, 
and interrupted an<l permanently stopped the development of 
those fibers which had what might be called their foliage and 
florescence beneath th<' over-spreading canopy. Once che<*ktHl, 
jvnd air currents established unfavorable t<i development, the 
i^rystallizing for<^es were [xiwerless to fill the passage-way, and 
they were luTmetically sealed over by the sub-metallic, nearly 
black hematiU^ scale in which all the natural surfaces exctipt the 
terminal fn>nds are encased. 
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ON PLEISTOCENE CHANGES OF LEVEL IN EAST- 
ERN NORTH AMERICA.* 

By Hauon (*kicaui> I)k (iEKU, Stockliolin, S\vo<l<»n. 

. One of tlu' most important prineipU\s U]Km wliicli ^t*ology iy 
founded is the tlieorv* of continental ehaui'cs of level. Tlui 
main points of tliis theory seem, in several eases, to have been 
.well established by American iijeologists. Thus it lias l)een 
pointed out. that to account for sandstone several thousand feet 
in thickness, and other deposits in shallow water, it is necessary 
to :i8sume that the sea- bottom was sinking at the same rate that 
the sediment was accumulatintr. Again, as the continents jn 
certain instances for long periods of time have not lost in hight^ 
and this notwithstanding their immense denudation, they must 
have V)een graduallv rising. It is also verv generally admitted 
that many of the abundant alternations of strata <h»})osited dur- 
ing ditferent bathymetrical conditions, as well as the breaks be- 
tween them, were caused bv the oscillations of the earths crust. 
Tn many instances, however, it cannot be decide<l whether the 
change of level was really <hie to movements of the land, or 
whether it was oidv the surface of the sea that rose and felL 
Since the eminent Austrian geologist, K. Suess, in his grand 
work "Antlitz der Kixle ' has in a very ingenious way tried to re- 
fer most of the oscilhvtions to the latter cause, denying the rising 
of the continents altogether, and since his views have been 
a<lopt<Hl by many geologists, it seems particularly desirable to 
get more positive facts for the final settlement of the (piestion. 

For the present at least it is hard to get such facts (roncerning the 
older formations, as they ari' vwy often eroded away to a givater 
or less extent and concealed bv vounger deposits. It is thus in 
most cases imi>ossible to determine the original extent of a cer- 
tain layer and especially of the sea in which it was formed. 
Consequently we cannot determine with sutlicicnt accura(^y in 
what way the corresponding geoid-surface has been deformed. 

In regard to the IMiocene and Pleistocene formations it is of 
course less didicult. but in many parts of the world it seems as 
if the old shore-lines, which once marked the limit of these for- 
mations, wen' not vc^ry well developed or easily recognized. It 
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vol. XXV. Aw^arded the first of the iinnual Walker prizes of the So^ 
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may stmuHiincs V>(» <luo to the fact that wiicn the sliorcs aro low 
and consist of loose niarini' <U»|M)sits, it is often very dilKcult to 
(iistinojuish the new from the old formations, and also to ascertain 
the very limit of the last snhmergence. The beacli is also easily 
etfaced. partly perhaps thronirh wind-Mown sand. 

In tlie j^laciated regions, ]howeyer, the conditions are often dif- 
f€»rent and more favorable for the formation of endnring shore- 
lines, as the land is there "[enerallv covered with till and angnlar. 
Hton}' dc»l)ris, forming an excellent material f(n* recording the ac- 
tion of the waves. Most of the old shores are describ(»d as sitn- 
ated in the glaciated regions, though this may perhaps partly de- 
|K'nd upon another and deeper cause. 

Although a great many marine shore-lines, shell deposits, and 
8e<liraents of IMeistocene age have been leveled in Kuroj)e and 
Am<»rica. it is nevertheless very rare to find any methodical at- 
tempts to determine their very limit in a m.ore accurate way. 

As far as 1 can see, that described below is the most suitable 
and |M'rhaps the only possible method for this purpose. \ have 
test<»d it in the northern part of Europe during the last ten years 
and by way of comparison in'the eastern parts of North America 
during the autumn of ISUl. In this paper I shall esp(»cially de- 
Hcribe an<l discuss the results of the last named investigations, 
>>ut as th(»S(» point to a very dose analogy with the corresponding 
phenomena in northern Europe. 'it seems appro[)riate to give first 
a geiK'ral view of the latter. 

InVKSTKJATIONS J\ KlKOPK. 

During the Slimmer of 1S82 \ spent thre(» months in Spitzber- 
gen studying the glacial deposits and the raised b<»aches. 
Though these were very instructive for the study of the orisrin of 
8hore-lines in general, the conditions w<»re not favorable for an 
accurate det(»rminati(»n of tlie upj)ermost marine limit, the land 
biding rather mountainous, precipitous, and destitute of till. 

Since that time I have used every opportunity to discover and 
detc»rmine tin* marine limit in Sweden. The method 1 have use<l 
is the following: On even' locality. I start from the highest 
level at which und<»ul)led marine deposits and fossils are f<»un<l 
in that part of thi» country; with the aid of the topograi>hic nuip 
T Heli»ct above the named level a drift coverc*! hill of sufficient 
bight with moderate slope and witli a situation as open as possi- 
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h\^ U> the ancient wator-lKxIy and as noar as |:)osHihle to a |K>int 
previonsly leveled. 

AI>ove the wati^r-laid elay and Hand tliere ih in most eases a 
Ih'U of gravel, and still higher, where sediment is almost want- 
ing, there are more or less eonspicnous marks of erosion and 
water-wash np to a definite horizontal limit. In favorable locali- 
ties this can l>e determhied with an accnracy of from a f<^w feet 
to less than one f(K>t. iiater on I will give a more detailed at^- 
count of the metho<is I have employed for tlu^e determinations. 
I will only emphasize hen^ tluit while g(H>logists have t<H> oftt^n 
nie^isnred tin' highest conspicuons sliore-liues which ha|>|MUie<l to 
l>e developtMl in a cert4un loculity, I have uiHMi snch tignres only 
for the first approximation and when nothing elst* was avaihible. 
On the other liand, I have always tried to choose hill-slop(^ m> 
uniform tliat evidently the till alcove the measured limit, had it 
also been submerged, must necessarily have shown traces of 
water action in addition to the assorted, wash<»d. and n>Iled 
material below. 

Vp to the present time I have thus leveled the marine limit at 
al>out sev(»nty different points in the southern «nd central parts 
of Swwlen and in a f(»w places in southern Norwa\'. For north- 
ern Swiiden 1 have thrcn* or four appr«>ximate Vnit im)M»rtant.d4u< 
terminsitions by Ilr^glMim, Svenonius, and .>[unthe. For the 
other parts of the S<'andinavian region of uplift the uppermost 
marine limit is not yet detennine<l, but there are in geological 
literature a great nunilM»r of nu»asurements of the hight of raised 
beaches an<l niiirine se<liments. and from these I have tried to as- 
CA»rtain the hijrhest availabh^ minimum figures for different tracts 
in the region. While they are only preliminar}'. they neverthe- 
less point very clearly to the same laws for the upheaval of land 
that I foun<l to ]irevail in Sweden and it s(»enis allowable to use 
them for the present, of course with due reservation, as the 
principal conclusions drawn from them will pn>bably not bt» es- 
sentiallv ehanjjed bv future more accurate determinations. 

To get a general view of the warping of lan<l since the forma- 
tion of the marine limit T have usimI the graphic metluKl of Mr. 
(J. K. (iilbert (see his admirable work on Lake Bonneville) and 
have conne<»ted with lines of e([ual defornuition, or as I have 
C4illcd them UnhnmA^ such points of the limit as were upliftiMl to 
the same hight. 
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Among tho results of the* investigation the following may be 
mentioned as Ix^ing of especrial interest for comparison witb the 
conditions in North America. 

All the observations evidently relate to one single system of 
upheaval, with the maximum uplift in the central part of the 
Scandinavian peninsula, aUmg a line east of the watershed, or 
nearly when* the ice-sheet of the last glaciation reachwl its great- 
est thickness. Here the land must have bet»n upheav€»d some- 
what more than a thousand feet (more than vMKI meters), and 
around this center the isobjises are grouped in concentric circles, 
showing a tolerably regular decrease in liight in every direction 
towanl the |H'ripheral parts of the region, until the line for zero 
is reached, outside of which no sign whatever <if upheaval is to 
lie fouml. 

The considenible bight at which the upiK^ruHist marine marks 
are found, and the places where they cK*cur, in the ctuitral partH 
of the land, show at once that no h>eal attraction of the land ice 
could have Iwen suHlcient to raise the water to anv such amount, 
had the ice Iwen many times as thick and extensive as it proba- 
bly was even at its maximum. Such an explanation seems less 
possible, as then* could Ik» very little room for any attra(*ting 
land ice* when: the sea covertMl the parts of the bind mentioned 
above. 

But as no local chang(»s of the sea level can account for the 
]>henomenon, so it is also impossible to explain it by the gen- 
eral os<Mllations of the sea. either fnnn the one hemisphere to 
the other, produced by changes in the situation of the center of 
gravity of the earth —according to the assumption of Adhemar 
and (?n)ll — or by oscillations to and from the ecpiator cause<l by 
changes in the rotation of the earth, as has Ikhmi sup|M»sed by 
Hwe(U»nborg and Sue.ss. If this theory were true/ all the shon^- 
lines wouhl slope in a single dinn'tion, but as they in fact sUipe 
as well to the south as to the west, north, and east, it is evident 
that the phenomenon must be explained by a real rising of the 
land. 

Moreover tin* region of upheaval is practically alsiut the same 
as that of the last glaciation : especially is it worthy of notice, 
that the maximum of l>oth seems to have occupied alH>ut the 
same place. 

Still miort? remarkable is the coincidence of the uplifted an^a 
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with the. ScainUnaviiin azoic re<j;ion, or wlial Suess has cnlliMl 
*Hhe Baltic shield." This coliipriscs Sweden, Norway. Finlniid, 
and the Kola p«Miinsuln, or a well defined tract wlu»re the old 
rocks are laid bare bv erosion and the surronndinjj huids thicklv 
covered with younjjjer sediment. The limit of the Baltic shield, 
where it has been directly observed, and perhaps evtq-ywhere, is 
marked by great fanlts. Now the isobast» for zero, or the bonn- 
dary for the nplifted area, seems all the way a little outside of 
the above named limit and follows very conspicnously its con- 
vexities and concavities. 1/ikewise all the other isobasc^s point to 
a ch>se connection between the npheaval and the <reological 
and to a certain <»xtent the lopogra}>hi<»al struct nre of the land. 
Thus it is commonlv fonnd that hiirher tracts have been raised 
more than lower: an<l the basins of the great Swc*<lish lakes, . 
Wener and probably also Wetter, have been less nplifted than 
their surmundings, which might indicate that they were origin- 
ally more depressed and very prolwil>ly formi»d by nneipial subsi- 
dence. 

The coincidence between the areas of erosion, glaciation, and 

upheaval may 1m» thus explainetl : as in continental areas in gen- 
eral, this old tract of erosion has probably in the n»ain been one 
of upheaval, while the contrary was the case with the sur- 
rounding regions, where the- sediment was accumulating to a very 
considerable extent. During the ice age. among other high 
lands, the Baltic shiehl rcceive<l an ice-sheet ecpial in weight to 
more than a thousand feet in thickness of the rocks which had , 
been eroded away during previous periods. As Jamieson long 
since suggested, it is very probable that the crust of the earth 
must ^ield and subsidi»nce of land take place beneath this added 
loail. Therefore it is reasonable that the movements in the crust 
should be very much dependent upon its geological structure. 

When the ice-loa<l disapptuired, the land i)artly re-emerged, 
until a balance^ wjis reached, which seems to have happeneil be- 
fore the original hight was attained, a part of the change having 
b<H'ome permanent. 

If the ice- load was the essential cause of the subnu'rgence, a 
still larger subsidence must be sup|K)sed to have followed after 
the earlier andgreat4»r glaciation. « It is true that very few traces 
of un<]uestionable interglacial marine d(»|>osits have been found, 
and that these are all along the boundary of the late glacial re- 
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gion of upheaval, or in soiithorn Denmark and alonjr the Baltic 
^oftst of Germany ; hnt tliis is just what would be expected. 
' Then, as Baha first pointed out with reference to the fjords as 
submerged river- valleys, the land had probably in the beginning 
of gluetal time a much greater elevation than at present. Thus 
it is quite possible, that during the great glaciation a considera- 
ble suV)si<lence from the highest elevation occurred, followed dur- 
4ng interglacial time by a partial re-elevation of the land ; while 
the early marine deposits during the lat« glacial su]>sidence might 
have been a second time so det^ply depn»ssed below the sea-level 
that genendly the}* have not since lx»en uplifted sutflciently to 
appear aV)ove it. According to this explanation, it is easy to . 
^conceive why the interglacial marine deposits are accessible just in 
the tracts which were least affected bv the late glacial subsidence. 

I take this opportunity to remark that in my opinion the marine 
sediments which Murchison. Verneuil, and Keyserling* found at 
Dwina and Pets<*hora in ncu'thern Russia, jind which have l)een 
lately tracetl over large areas by T.schernyschew,t are probably of 
interglacial age. though they are not cov(»red by till, as occurring 
at the outside "of the last glaciati<m. But ns their fauna con- 
tains such boreal and southern species as (%/pruni inhnnh'rn and 
CnnftHtn tthih'^ it is no: probable that they could lie contempo- 
rary with the arctic fauna of the late glacial subsidence in Scandi- 
navia. On the other hand, it is difilcult to believe that the con- 
fiiderable oscillation of land in northern Hussia could have taken 
place so lately as in postglacial time. Hence there is some rc-a- 
«on to infer that the deposits in (piestion belong to the intergla- 
cial ijcriod, and it is my opinion that, like the undoubtedly inter- 
glacial dci>osits t)efore-inentioned, they are still :u'cessibl(» alxn'e 
the sea-level only outside of the region which was atfectcMl b}' 
the late glacial submergtMice. 

Before leaving the changes of level in Scandinavia 1 must add 
a few words alK)ut the latest oscillation, though this is not yet 
qnite so well known, and can only to a certain extent be com- 
pared with the conditions in America. 

After the late glacial upheaval in Scandinavia had pro(M»ede<t 

—I — : ' 

♦Murchison, Verneuil, nnd Keyserling, (Teologie des europjlischeu 
RuHslatids; l)eaHH*it<*t Von <t. Leonhard. Stuttgart, 1848, pp. .*H8-.S5L 

tXh. Tsc^henivs^'hew, Travaiux ex^vutcs au Tiniaiip <mi 1890: Peters- 
burg, 1891, pp. 1>7, r>2. 



so far ii8 to isolates the Baltic liasiii from the »ea, tkuH forming a 
lake witli a triu; fresh-water faima. characterized by xhicyltu 
tlurUitlliH Lilian, and after this hike, following the general une- 
(jwal movement of the region, had l>e4Mi parti}' emptied, then, as 
I have succeeded in showing, a new subsidence of land occurred, 
])y which the outlets of the Aiwyhin lake were changed tosoumls, 
and a marine th<»ugh scanty fauna mignited into the Baltic. The 
deposits formed along the Baltic, as well as along the western 
coasts of the land during this last subsidence, are now partly 
iiplifti^l, less in the peripheral and more in the central part of the 
region, but nowhere more than 200-:{()0 ftH»t alxrve the sea level. 
They cxjutaiu a true {>ostglacial fauna, with many southern foraui 
which are never found in the late glacial IhhIs. Between these 
two marine (U»iK>sits, |>eat lM)gs. river channels, and other tracea 
of cixision are observinl in man}' places in southern Swe<ien, 
showing (conclusively that at least this part of the land was up- 
liftiMl between the two sulmidences. Several of these peat boga 
and river channels continue below the level of the sea, and such 
aigns of submergent^e are also found at the southern shore of the 
Baltic and around the North sea. 

It is not yet|>ossible to shv anything with certainty about the 
miture of this last os(*illation ; but while there seem to be some 
difficulties in such an explanation, it may be ]>ossible that we 
have to deal here only with oscillntions in the situation of the 
pivot i>oint of the crust-movement or the isobase for zero. Pro- 
fessor N. S. Shaler has suggesteil,* that while the continents are, 
]is a rule, rising, and the sea-tl(K>rs sinking, yet it may liappen 
that the pivot |K>int. when it lies s<»mewhat at the inside of the 
shore, will take part in the sinking of the ^a-]>ottom, and then it 
will siH»m as if the C4>ntinent were sinking, though in fact it may 
verv well bii risintr in the interior. If it should turn out that this 
ingenious explanation could Ik* applied to the Scandinavian oscil- 
lations of land, then the whole phenomenon would be more easily 
understo(Nl: ncconling to this theory, in the center of the region 
after the removal of the ice- load a constant rising of the land 
occurre<l, and at the same time probably a sinking of the sur- 
rounding sea-bottom, in which latt«»r movement some portions of 
the land for a time took part during the postglacial subsidence. 

♦ " Heoent changes of level on the (yoast of Maine," Mem. Bost. 
Soe. Nat. Hist., Vol. ii, p. :«7, 1874. 
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After ihftt, the portions mentioned began again to participate in 
the great continental upheaval, which seems to be Atill going on, 
thongh probably at a much reduced rate. 

Tnvkstioations in North AMKRifA. 

The very interesting and valuable inv(>Htigations of Gilbert, 
Upham.andS[iencrr/hUAH* shown that the Mhore-lincft along the 
great lakes in the interior of e4istern North America have been 
unequally uplifted more toward tbe north than toward the south, 
and this seems to be cjuiU* in ac'cordanoo with the generally- 
adopted opinion in regard to the marine de{)osits along tho Atlan- 
tic coast. This opinion seems to have l)een fouiide<l iwincipalh' 
upon the different hights to which marine shells could )m^ traced 
in different tracts, this kind of evidence being the most indis- 
putable, though on the other hand affonling only minimum 
figures. Concerning other proofs, as shore-lines, terrace^*, deltas 
and sediments of sup|>osed late glacial age and marine origin, the 
opinions of different authors have bcH»n much more divergent. 

As examples of this diversity of opinion the following figures 
may l>e quoted: a few only refer to shell Ux^alities. 

In his Manual of Cxeology (1808), J. D. Dana mentions for 
the highest marine deposits: 

South of New York, seldom over 

At Brooklyn, I»ng Island 

In Southern New England 

In Maine, not more than 

At Lake C/hamplain 

At Montreal, aliove Lake Bt. Peter 

In Barrow's Straits 

In N. S. Shaler's paper cm Recent changes of level in Maine 
(1874), we find for 

New York (Jity a few f«jet. 

Deer Isle, in Maine, at least 200 

Belfast, * alKiut 250 

Between Milbridge and Maohiasport. at teast 100 " 
At Labrador. " 1,(K)0 

On the Greenland Coast " 2,000 

The Bame author in latc^r papc^rs assumes for 

Nantucket Island ( 1K89). at least 300 feet. 

Cape Ann (IS90) 130-150 

Mount Desert (1889) 1.300-1.500 
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AV. llphuui meiitioiiH in the appendix to Wright'8 work on the' 
Tee A^e in Nortli America (1889), for 

lioston iiud northeast to Cnpo Aim, prohably 

not more than 10-25 feet. 

:Maine (St(me) about 225 " 

Nova Scotia and ('ape Breton Island wanting. 

Bay Chaleur (('hahners) not more than 200 feet. 

Opposite Saguenay (Chahners) 375 " * 

Montreal (J. W. Dawson) 520 *' 
About 130 miles \V. S. \V. from Montreal (J. - 

\V. Dawson) 440 

J. AV. Sp<Mieer, in a paper on Post-pleintocene subsidence ?;«. 
glacial dams (181U). claims as marine and as belonging to the' 
same suV>nierp'nce all tlie beaclies and terraces along the great 
lakes, as: 

On summit east of (irand Traverse Bay, 
Mich. (Rominger) 1,082 feet. 

AV. from Collingwood at the Niagara escarp- 
ment 1,200-1,425 

At Dog Lake (II. Y. llind> 1,425 

In Potter (-ounty, Western Penn., a low 
gravel ridge * 2,060 

At the Upper Potomac, terraces with round- 
ed l)oulders (1. C. White) 1,675 

Nachvak,1n Labrador (U.Bell) 1,500-2,000 

In Vermont (Hitchcock) 2^00 






From erratics on the top of mount Washington, 6,300 feet, 
and on mount Katahdin, 4, 400 feet, the author concludes that the 
subsidence extended so far and was greater there than in Labra- 
dor, t 

F. J. H. Merrill gives, in his Postglacial history of the Hud- 
son River valley, + the hights of several delta deposits and 
plains which he considers marine : 

* Considered a kanie by H. C'arvill Lewis. 

t It may be mentioned here that the silt and terrace deposits, 3,000 
feet above sea level, which Spencer mentions from Norway as proof 
of an analogous great submergence, are certainly .not of marine 
origin, and are most probably analogous to the "parallel roads" in 
Scotland. They are known in many localities in the higher valleys of 
Norway and Hweden, but there is not one Scandinavian geologist who 
considers them as marine; the well marked marine area is much 
lower. 

X Am. Jour. Sci., iii., vol. xi.i., June, 1891, p. 462. _ 
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At New York 

Moiitli of ('n>t(»n Kiver 

Peekskill 

AVest Poim 

Fishkill 

Schenectmlv 

As soiih' of the ahove ti<i;ure.s seem ditticiilt to reconcile, and as 
the marine ori<rin of several of the deposits st^ems also ({ueHtion- 
able. 1 have thoiijrht it useful to make another series of obsc;rva- 
tions. and have employed the same methods which I used iu 
Sctmdinavia. 

Prrfh A III (toy. 

During a sliort visit made in company with |>rofessor Smock to 
Perth Amboy, southwest of New York cit}', just where the great 
terminal moraine reaches its s<»uthernmo8t point in this tract, I 
cOuld not find on the surface of the momine any traces of marine 
erosion al>ove the well develop«'d terrace at the present sea-level. 

Nirir Ilai'iu. 

At New Haven I ha<l an opix»rtunit\*, during an excursion with 
Prof. J. J). Dana, to see the lowest of the late glacial river-ter- 
races or ttcKxl-plains so admirably desc»ribed by him, with their 
remarkably well i>reserved kettle holes, but without any traces of 
former shore-lines. At the same time I visitinl the present sea- 
shore at West Haven in company with Mr. H. LundlM)hm. The 
even flood-plain des<'ends with a continuous slope to the very edge 
of the actual shore- ternice or to a level a)>out 17 feet above 
highwater mark. On the surface of this terrace there lies ex- 
posed in the clitf an earthy bed one or two feet in thickness, con- 
taining shells of oystei-s and Vnmn merrenaria which no doubt 
formed an Indian kitchenmidding and show that since its forma- 
tion the terracje lias l>een cut back. The fcK>t of the cliff lies 
about three fei4 alM»ve what T assumed to be tln' ordinary high- 
water mark and eviilently represents the acrtual storm-level. 
These facts seem to be in accordance* with the assumption that 
this eoiist is slowh' sinking, and 1 .failed to find any proofs that 
since the Ice age th<» land was (jver more deeply submerged than 
it is now. As the original land surface here is cut away by the 
recent wave-action, this locality does not prove anything for 
levels lower than 1.7 feet. Thus, though it cannot be denied that 
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there might have been, as profcHSor Dana has suggested,* a sub- 
sidence abont 10 or 15 feet below the present level, it appears 
that even this slight amount cannot Ik^ allowed until a series of 
measurements in different localities gives closely coiTCsponding 
values for the extreme marine limits. 

Mm'tUii i Vlitetfiirtl, 
On Martha's Vineyanl, where 1 ha<i the advantage of Prof. N. 
S. Shaler's guidance, \ couhl <mly confirm his observation that 
no raised lK»achei4 of any kin<l were to 1k» seen. Where the ter mi- 
nal moraine touches the flats of Tertiary clays, the topographical 
features Jire sometimes at a distance terrace-like, but no true 
marine terraces either cut or built could lx» observed. .So com- 
pU^te indeed is the pn»s<Tvation of the topograph}' from marine 
erosion that professor Shaler, who has tlioroughly investigated 
the island, has come to the conclusion, that if this trac^t has been 
submerged it must have l)een uplifted cpiite suddenly. But it 
seems unnec<»ssary to make use of this explanation; for while T 
have not whmi many of the kames in this locality', I should 
imagine that it would be easier to account for their ridge-like, 
winding shape, if we assume that they, like the ordinary osars, 
originated lH»tw<H^n walls of land-ice or possibly in some CAses of 
river- ice and snow. If they had l>een deiK>sited in the sea it 
would ap|>ear that the sha[)e should have been more like a delta 
or a built terrace. As to the submerged valleys on the southern 
side of the island, these might also be most readily explained by 
supra-msirine erosif)n of glacial rivers; for if the}' were formed 
Ijelow the sea-level, by bottom -currents, coming from the mouths 
'of sub-glacial rivers, we might expect them to be broadest and 
deepest at their bt»ginning, whereas on the contrary they regu- 
larly increase in size as they depart from the terminal moraine. 
Morciover it seems scarcely probable that such currents could 
have kept together for more than five miles, and it is spi»cially 
difncult t^) account for the fact that all the small tributaries come 
in at gre^it angles. Furthermore, 1 may remark that all the 
glacial rivers that I have observed in Spitzl>ergen pour out their 
muddy waters as a thin layer on the surface* of the sea, even in 
the interior of the fjords, where the sea -water is probably much 
less salt than on tlu? open glacial coast of Martha's Vineyard. 



♦ "On Sotithern New Knginnd during the melting of the great 
glacier." Am. Jour, Sci.. ni.. vol. x.. Dec. 1H75. p. 434. 



Hotli at Viiu»vnnl Iluvon. Martha's Vinovanl, and at Wood's 
IIoll on tlu' mainland. \\\v act nal shore-terrace is v(mv woll marked 
and the heach is covered with numerons residnary bonhlers. while 
the cliirs oft<'n consist of unwashed till, which has evidently 
never been suhmerjred. 

In the nei<;hhorhood of Boston T made excursions in c<»mpany 
with Mr. Warren r))ham and (examined especially the surfaces of 
8everal drumlins without beinjj able U\ see anv traces of marine 
action above the foot of the hills, some 10 or 20 feet above the 
marshes. At the marsh level north of J*owderhorn hill in Chelsea 
we visited a claypit showing to a (h'ptli of more than 10 feet a 
fine laminated clay with <K'casional (h'ifted bouhh^'S. probably of 
marine deposition. 

One dav in companv with l*rof. W.O.Crosbvand .Mr. Lundbohm 
we studied several terrac(»-like benches on the sides of several drum- 
lins which had been previously observeil by professor ('rosby. but 
as we found that they ha<l sometimes a considerable slope, perhaps 
1 :10 or 1 :20. and were not devel<>jn'd in the greatest (leirree on 
the sea side, we agreeil that they could n(»t l>e of marine origin. 

Though the marine terraces cut in the drumlins along the ac- 
tual shore are very sharply marked, their cliffs 100 feet high and 
their bases covered with residmiry boulders, it might seem possi- 
ble tliat terraces cut in su<di a loosi; nnit(*rial would not be |)re- 
H<»rve<l from slipping down for any long period. Nevertheless the 
pres<»nce of Iwiiches on tin* <lrumliiis at Boston, as w<*ll as the 
very conspicuous cut-terraces in drumlins at the late glacial Iro- 
<|Uois beach on the .south side of lake Ontario, makes it v(»rv prob- 
able that if the land at Boston had really beiMi submerged to a 
jjfreat depth, the limit of the nnirine erosion at least, an<l perhaps 
Hoveral lower levels also, would have been recorde(l on the <lrum- 
lins by shore-lines easilv distinguishable in many places, though 
|>orhaps somewhat down fallen. 1 am therefore quite of Mr. Vj)- 
hani*8 opinion that the subsidence at I^>ston was slight. In fidl 
accordance with this is professor Crosby's stat«'ment, that while 
the till in the Boston basin consists in gn»at i>art of tine, clayev 

C^ i ^ ft. 

msiterial, the wid(f-sj>read modifi«'d drift above the marsh-level 
contains nothing but jicravel and sand, thus indicatinur that above 
this level there was no lame water body wlu're the tin<'r sediment 
<H)iild Ik» deposited. 
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Moinit DvAH'.rt Inhuiil. 

I iiin very iiiiich indebted to professor Shaler for his kindness 
in jiccompanving me to Mount Desert and in introducing me to 
tlie interesting geology of that island. During our two days' ex- 
cursion 1 had several opportunities to observe that, as professor 
Shaler's map shows, the glacial, probably marine sediment, and 
the <^ravel and sand as well as the clav, were to be seen only on 
the lower parts of the island, probably up to about 200 feet. 

The first point where 1 saw anything like the marine limit was 
two miles northeast of Somes sound, just east of the trtvunu on 
the western sU)pe of McFarlands mountain. Up to an apparently 
horizontal line the soil was covered with residuary boulders, but 
just above it unmodified till was exposed at the side of the road. 
The approximate hight of the shore-line was according to the an- 
eroid c* 204 feet ((52 m.), and according to angles measured to 
the surrounding mountains c. 210 ft. (r)6 m. ) + 12 feet. 

East of Somes sound, in the pass between Browns and Sar- 
gent's mountains, at the hight of between 330 and 200 feet no 
traces of marine action upon the till were seen, though the south- 
ern slope must have faced the open Atlantic, if this ever reached 
so far: but as soon as we came down to the 200 foot contour line, 
well washed and assorted mat<»rial occurred abundantly as a 
gnivel-bar east of Haddock's lower pcmd. I had not time to fix 
the actual limit at this locality, but the approximate hight of the 
]>ar was according to the aneroid c. 190 feet (58 m.). 

The curious rock benches seen at many places on the slopes of 
the granite mountains seem to be very closely connected with the 
occurrence of vertical and horizontal joint lines in the rock; we 
visited several of these on Jordan's hill, Sargent's mountain and 
*'the cleft." Level benches are often formed by weatheriuir where 
rocks are horizontally jointed, so that this important characteris- 
tic of marine action in other cases is in itself of no value here, 
unless other common shore features, as beaches with water worn 
pebbh's and ordinary cut and built terraces of drift, together with 
marine sediment, can In* shown to exist. Furthermore in several 
places the joints and the benches were inclined from 5^ to 20°, 
and nowhere exhibited the characteristic and very regular appear- 
ance of the rock cut marine terraces in Norway and Spitzbergen. 

On the open southern surface of Sargent's mountiiin we ob- 

*.Vbbreviation of cu-cd (about), noting an approximate measurement. 



starved numeroiii^ small i>aU*h(»s of till, often with well striated 
st<»iu'S; and mimennis stoues and inucli isolated debris oeeurred 
scattered over tlie surface in such a way tliat tliev must have been 
swept away very (juickly by the way i^ from the Atlantic if they 
were eyer submerjred. 

The remarkable oyerturne<l boulder which prof<*»sor Slialer de- 
scribes on the soutliern summit of Jordan's hill at an elevation 
of more than ;U)() feet d(>es not seem in itself a sufficient proof of 
ice-shove from the sea and thus of submergence up to this level, 
us we cannot safely deny the possibility that it might have been 
overturned by the roots of a tree in a violent storm or even by 
the ajxencv of man. 

At the road on the southeast side of -the cleft," it looks as if 
the rocks had b(H*n swept ban* by the sea u[) to about 20(1 feet, 
])Ut we could not stop to ascertain with the luindlevel whether this 
had been tlie case. 

I stayed for a few days more t(» make further attempts in de- 
termining tho marine limit. 

About one and a half miles south of Uar lIarlM>r, at the soutli- 
ern end of the 2S0 foot hill. 1 found a cut terrace, above which I 
could find nothing but angular stones, while on a level a few feet 
lower waterwom graved and pebbles were plentiful, as on the top 
of the roadhill. Here, as in other plac«*s on the island at a some- 
what lower level, the gravel overlapped the clay, having been 
brought into this position as shore drift during the successive 
upheavals of the land. The hight <»f the marine limit at this 
point as far as it could be ascertained was ab<»ut 20I» feet (c. 
()4 m. ). 

About one mile southwest of Bar Harbor and one mile K. \. K. 
of the northern end of KagU' lake, just above the covering of 
marine se<lim<'nt. F found a little .series of well developed beaclu>s, 
of which the uppermost and largest, marked by a gravel pit, was 
situated according to the barometer at a hiirht of about 210 feet 
(c. 04 m. ). 

Finally 1 returned to the above mentioned point N. K. of Somes 
sound, where I tii^st ob.served the marine limit. an<l made a more 
carefid investigation. I followed the shore- line with a han<l- 
level for nearly half a mile north of tlu' roa<l, findiuij: the follow- 
ing differences, the absolute hight being measure<l with 4 baroni- 
oUjr: 
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{n ) Farthest to the north of the road 210 feet ((>.S.5 in.). 

(//) Midway between (<n and ('0 iMl ** (04.1 " ). 

(r) Nearer'the road 213 ** ((t4.4 " ). 

(/O Just north of road 213 *' (64.5 " ). 

(r') South of road 2<«l " (03.4 " ). 

Fine unwashed till occurs in <)j)en situation iiu mediately above 
this shore-line as well as nortii of the road. 

As to places in other tracts where I have made determinations of 
the marine limit. I must for the present confine myself to a mere 
statement of the hights o)dained,)>ut I hope that 1 shall Ix* able 
to add a more complete description of the ditferent l(K»alities. 

I>KTKKM I NATIONS OK THK li.VTK (tLACIAI. M A RINK LiMIT. 

Wilh With ProlHihlt 

I^ornlitti'M. fitinillt rrt. harnm^trr. hiijht. 

Ft*t't. M«'t»T!*. F»*«'t. M♦'t^•^^. Fe«*t. M«*t«»r»- 

1. Perth .\n\lM)v, N. J. _____ o 

2. New Ilaven/Conn. <17 <5.2 — — c. 10? c. 3^ 

3. MarthaV Vineyard. >[ass. — — — — 

4. Boston, Mass. * — — c.10-20 c. 3-6 

5. Mount l>esert island. Maine. \ 

in) N. K. of Sonies Sound. — — 204 62 | 

(<i) " — —208 64! c. 210 c. 64 

6. (/i) 8. W. of Uar Harbor. — — 210 64 I 

7. (r) S. of Bar IlarlM»r. — — 2«K) 64 I 

8. St«K-kton, Maine. — — 274 84 c. 280 c. 86 

9. Bucksport, Maine, at Fort Knox. 305 93.0 298 91 305 93 
10. St. John, N. B. (*n western iM>int. — — 2(57 82 / .,..q o.> 
11. (/*> eastern " — —271 83 \ ^- -^*' ^* ^- 

12. Pigbv, N. S. > 35 > 10.7 — — c. 40 e. 12^ 

13. Annn|>olis, X. S. 42 12.7 46 14 42 12.7 

14. Wolfville, N. S. <49 <15 — — c. 50? e. 15? 

15. Moncton, N. B. ( Berrv Mill 

Stati«)n, I. K., \w\\\^ 208 ft.) — — 325? 99? c. 325? c. 99? 

16. Bathurst. N. B. — — 196 60 c. 196 c. 60 

17. l>alhousie. N. B. 175 53.4 175 i>4 175 53.4 

18. Dalhousie Juncti«»n. X. B. — — 174 5:i c. 174 e. 5J^ 

19. Riviere du L«»up. <^uelM*c ( the 

Statitui I. l:.. .322.5ft.> 373 113.9 — — 373 113.9 

20. .M<»ntn»al, «^uelM»e (a leveled 

|M»int l)ein^j 5<i5 ft.) — —625 liH) c. 625 c. 190 

21. St. Albans. Vt. (the station 

\w'm\i 390 ft. » <V>S 20i>.5 656 2«H) 658 2<H\5 

22. An)ur>ch, N. Y. ( Moira station, 

( '. V. B.. iM'inK •^'>" ft. > — — 662 202 c. 662 c. 202" 

23. Ottawa, near Kinjjsniere lake, 

i^ielx'c (Hull st*n (MMMS5 ft.) — —705 215 e. 7<V5 e. 215 

I'nli^ss the contrary is stated all the alcove hights refer t«> 
hijjh-water mark, and tlu» upliftetl shore-lines were })rolud»ly 
formtnl at least at or rather alnive ordiiuiry hiirhwater. As the 
hi^^h tide mitrht have Wen somewhat lower in the Bav of Fundv 
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A\iieii the suhiiicrgonce formed a nnrrow stniit iieross the Cliig- 
necto istlimus the lijrures for the U)eaUties at St. John and in 
Xova Scotia are i)erhaps s<»nie 5 feet too high. If, as i.s proh- 
abU% the h'velings based upon railway altitudes refer to mean 
ti<le. th(^y also must be lowered about 5 feet. 

The levelings were all made with Swedish handlevels con- 
structed bv Wreih* and Klfvin<r, which contain a mirror lield ver- 
tically by an a<ljustable weight and sheltered fnmi the wind by a 
little woodi'U case. By aid of a scale angles can also be meas- 
ured, and 1 have often made good use of them as a check and 
iilso for plane table work. 

The barometrical mWlsuri'ments were made with two aneroids 
from Xaudet in Paris, and each is based upon a series of 10 to 
25 observations by means of which the changes in pressure (lur- 
ing the day are graphically constructed, and from the ditferences 
thus obtained the hight is reckoned with due corrections for tem- 
perature. Though 1 have often in this way got remarkably good 
results, it is verv desirable that these measurements should be 
checked by the spirit level, as tigure.s should not be considere<i 
conclusive which have not an accuracv within three feet or about 
4>ne meter. 

CoNci.rsioNs. 

All the ob.servations on the hight of the marine limit have 
been put down on a general map,^ and with tlu' aid of interpola- 
tion isobases have been drawn through ecpially uplifted points 
with an interval of 2(Hl feet (GO m.). 

Concerning the extension of the isobases into the interior of 
the continent, where the marine limit could not be directlv de- 
termined, 1 have tried to use interpolation in the following man- 
ner. As has been stated, it is probable that the geoi<l-surface, 
%vhich in the submerged regions is marked bv the marine limit, 
is situated in the tract northeast of lake ()ntari(» at a hight some- 
what less than 77) per cent, of the oldi'r high-water level recorded 
by the Inupiois beach. From the tigures given by professor 
Speneert we find that this beach is situated at about !>(» per cent. 
<^i the Kidgeway beach at the three localities where both occur 



♦Presented with this paper ill the PrjLK*eediii>;s of the I'oston Soei- 
ety of Natural History, but not here reproduced. 

+ " High level shores in the region of the (iriMit Lak(»s and their de- 
forniation." Am. .lour. Sei., March. ISIM. 
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near each other. Consequently the ^reoid of the marine limit 
should be found at Tl*/o of the latter heacli. if the deformation 
of both had been proportionate. 

To stH' to what degree this has been the ease for the different 
}H»aches^ I have also reckoned in percentages the proportion l>e- 
tween the Forest, llidgeway, and Mauniee l)eaches and from the 
figures thus obtained jis far as we can judge from the material at 
present available the differential uplift of the liighest or the 
Maum(^e lK»ach was somewliat greater than that of the Ridgeway 
beach, the same being the cas<* with the llidgeway b(;ach in com- 
parison with the Forest beach, l)ut the lowest one, or the I ro- 
il uois be^ich, seems to have a proportionately steeper slope than 
the Forest beach and to be in this respect more proportionate to 
the Ridgeway beach. 

As this has Ixhmi explored for the gn'atest distance and setMu* 
to be the easiest of identification, 1 have thought it advisable to 
use it for this preliminary interpolation, without attempting to 
make any correction for the divergence from the pro^)ortion of 
27% which may occur in the southern part of the region. 

Thus of the figures on the map indicating the interpolated 
hight of the marine limit, all those along the Iroquois beach re- 
present 75 9f of its hight, and those along the Ridgeway beach 
27% of its hight.* 

Conciu'uing the westernmost part of the glaciated area we owe 
accurate information about the gradient of the warped beaches to 
Mr. Warren Uphams excellent investigation of lake Agassiz. 
However, until the deserted beaches around lake Michigan ami 
lake Superior an» more fully explored and tin* damming ice-bor- 
der is continuouslv traced between the different basins, it is diffi- 
cult to form any opinion about the absolute amount of the u[v 
heaval of the land sinc<' the formation of the marine limit. 

In the meantime we must content ourselves with the follow- 
ing facts. As l*rof. J. E. Todd and Mr. ri)ham have stated, 
the deserted shores of lake Dakota, situated close to the south- 
west of lake Agasj^iz, show no or only a slight unequal deformation. 

*Tliis method of interpolation ean of course be iiccMirate only when 
the change of level has been .<iuceessive and regular, as may perhaps 
to some extent have been the ease with the sea. but probal)ly much 
less with the ice-daninied lakes. Still the present state of our knowl- 
edge does not seem to allow any inon» satisfactory method, and this 
may be siirti(!ient ft)r the jiresent purpose. 
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Ah the loiijjer axi.s of this hike trends in neiirlv tlie same direction as 
the greatest warping of lake Agassiz, it seems probable that the 
limit for tliis warping and at the same time for the npheaved area 
lies just iK^tween hike Agassiz and lake Dakota or through hike 
Traverse. It is b}' no means certain that tlie limit for the up- 
lifted region or the isobase for zero remained at the same phice 
whtm the marine limit in the St. Lawrence vallev was formed; 
but we may assume it for tliis ])art of the continent, since we 
cannot, at present, expect to get more tlian a general idea of the 
direction of the isobases and their maximum gradient. To judge 
from the pn>bable tliickness and direction of tli<» receding ice- 
border, it appears that the formation of the highest or Herman 
lieach of lake Agassiz was probably antecedent to the geoid sur- 
face which is traced in this paper. ^Foreover, it is (^uite possi- 
ble that the ice had not receded from the St. Lawn'uce valh^v 
b<»fore lake Agassiz received the nortliward outflow. Vet to be 
(piite sure of maximum figures for the gradient. I have used the 
measurements of the highest or Herman l)each. tliough they may 
be too high. 

As to tlie probable position of the marine limit in the other 
northern p<jrtions of the area v<*ry little can be added. Some ex- 
plorers, believing that every kind of drift is deposited in the sea, 
have not paid due attention to the determination of the limit for 
the real marine deposits; others seem to have estimated only the 
hight of b?ach:*s acc*identiilly discovered and their most reliable 
observations are made with a barometer often at a long distance 
from anv known \v\A or base- barometer. 

Fnmi Murray's paper on the glaciation of Newfoundland* it 
seems that marine deposits are found on that island at a hight of 
alMHit 200 feet. According to U. Bellt distinct beaches ar(» seen 
at Nachvak in Labrador at an estimated hijjht of 1,500 feet: but 
I have not found more precise measurements for these tracts. 
Even if this measurement should Ik* over-estimated, these beaches 
may l)e among the highest in all tln» uplifted area. But \\\v 
low levels at which marine (h'posits an* foun<l in the relatively 
well-explored southern and western parts of (Greenland, mak«* it 
improbable that the extraordinary high levels, reportx'd as occur- 

*Proc. and Trans., Uoy. S(m*. Can., IK8,S, i. pp. TyTy-liS, 

+ Hept. (leol. Surv. Can., lR8r>. p. S»I»I>: ami liiill. (iv'ol. SoeiiMv of 
America. 188i), vol. i, p. 308. 
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ing along Smith souiul, should belong to the* sjun(» system of up- 
lu^tival tis that of the ranadian rojrion. 

Kast of the middle of Hudson hav between the eoast and 
Clearwater lake. A. P. Low has found sediments and terraces 
probably of marine origin up to about r»75 feet abov(» sea level.* 

Southwest of .James bav, on the Kenoirami river, a tributary 
of the Albany, Bellt has found marine fossils about 4r>(l feet, 
and west of Hudson bav at Churehill river about ;»50 feet above 
the sea level. 

As is easily seen from the above statements, the observations 
at present available (h> not allow the drawing of even approxi- 
mate isobases over a large portion of the area: but from the part 
sutlioiently studied, it seems possible to form a general i<lea eon- 
eerning the nature of the changes (»f level; these point to a re- 
markable analogy to the conditions in Scandinavia. Thus tlu* 
greatest subsidence has taken place in Labradtu* — probably near 
thi' watershed — where the ice accumulation had its center. liut 
as the ice in the northern part of this land, according to Bell, 
had a northward movi*ment, it will proliably be found that tlie 
amount of subsidenc*' also decreases to that side, about as it did 
in all other directions in which the ice-coverinjr thinned out. 

The conformity between ice-load and subsidence s^'cms to have 
been still greater here than in Scandinavia, and in this respect it 
will be very interest inii to see what will result from a conti!UU»d 
investigation of the warped beaches in the lake basin with its 
marked ice lobes. It can already be seen that the isobases in the 
}>eninsula .s(»utheast of the St. Lawrence river, which we will 
here for brevity's saki* call the Atlantic peninsula, foUow very 
closely the extension of the last glaciatiiui. Especially is it note- 
worthy that the amount of subsidence was small alony: the irulf 
of St. Lawrence in connection with the fact, stated by Chalmers, 
that the ice thinned out in that direction. 

Nova Scotia, which probably only in its western portion and to 
a small amount participated in the subsidence of the mainland, 
seems not to have been wholly ice-covered during the last glacia- 
tion, and the local irlaciers might not have been thick enough to 
produce any noticeable changes of level. 

*"l\e|). on expl. ill .Ianu»s Hay ami comitry i»nsr of Hudson Hay," 
Geol. and Nat. I list. Siirv. Can.. Ann. rej)t., ISS7, vol. iir., p. .*>$) J. 

■Kieol. and Nat. Mist. Surv. (an., Ann. rept.. 1880, vol. ii,, pp. 34, 
38 (i. 
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Thr <rradient of the deformed <r^H)id surface was evidently 
jsteepest on the Athmtic side of the continent, where tlie slope of 
the ice-sheet must also have heiMi <;reatest ; it is here orenerally 
] : 1,400, with the exception of the St. Lawrence valley, wh(»re 
its direction is obli(|ne to its general trend against the Atlantic 
and its amount is not larger than aViOut 1 : 4,000. 

The steep gradient will probably be found also at the coast of 
Labrador, which in many respects is analogous with the high, 
fjord-cut coast of Norway in Scandinavia. In the interior of the 
American continent, where the ice spread out over a large area, 
the isobases are far more disAant and show a smaller gradient just 
as in Scandinavia. Thus the mean gradient from (icorgian bay 
towards till* southwest to the limit of the area seems about 1: 
O.400, being much steeper at the b«»rder of the azoic region and 
smaller at the outside. 

The connection between the subsidence and the geol<>gical 
^structure of the earth's crust is perhaps not (juite so striking as 
in Scandinavia. Still it seems probable that the Canadian azoic 
or Arcluean rejrion has chanjred its level more than the surround- 
ing tracts, though this is not yet sulliciently proved in regard to 
Hudson bay. The yreneral ccmformitv between the ice-c<»verinor 
and the old azoic plateau makes it dillicult in the present state of 
our knowledj^e in many cases to discern between the intiuence of 
these two circumstances. Thus it may be lemarked that the 
al)ove mentioned convexity of the isobases around the Atlantic 
peninsula may also have some connection with the Atlantic moun- 
tain ranges, and thiit the most uplifted |)art lies near the Adiron- 
dacks, consequently at ([uite a distance west of the ice-shed at 
Quebec. The fact that Newfoundland, which at least during the 
last extensi(m of the glaciers may have been only locally glaciated, 
also shared in the submertrence may in .sonu' di*i»:n*c be accounted 
for by its geological structure. 

All the above statements eoncerning the late glacial upheaval 
are based upon the hight to whieh the m:irine deposits are up- 
lifted, but as we generally cannot tell whether this rising of the 
land has been continuous or partly counteracted by subsidence, 
it would be more correct to speak of it as the linal result of the 
changes of level since the maximum r>f the late glacial submer- 
gence. 

Along certain parts of the Atlantic coast many facts were ob- 
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served long" since wliich sliow that tliese triiets in very modern 
times have been and perhaps still are sinking, and it is of interest 
that tliese signs of sni)sidenee are found along the Atlantic coast 
plain outside of the glacial region of uplifting as well as some- 
what within its boundary, just as has been the case in Scandi- 
navia. Thus su1)marine peat-bogs are known in New Jersey and 
Nantucket island as wx»ll as at the northeastern end of the bay of 
Fundy and at the mouth of bay Chaleur. These last localities 
show that if the rising oi land is still going on in the interior, 
the isobase for zero, or. to use Shaler's expression, the pivot 
point lK»tween the continental upheaval and the oceanic subsid- 
ence, has moved at least more than fifty miles toward the land 
side. The amount of this subsidence is not yet known, but at 
the bay of Fundy it must have been at least 40 feet, and at Nan- 
tucket probably 10 feet. Kven the numerous small partly sub- 
merged glacial river valleys at the southern shores of Cai>e (^od, 
Nantucket. Marthas Vineyard and hong Island, atfonl evidence 
of a slight submergence. The same is the case, as ^Ferrill has 
pointed out, with the Hudson river estuary, which must have 
subsided somewhat sinc(» the channel was cut out of the glacial 
clavs in the valley. 

Another ([uestion is whether the deep submarine river valley 
southeast of New York harbor, so well <lescribed by professor 
Dana, belongs to so late a period. The fact that its upper (»nd 
down to a depth of aliout lOn feet has been entirely filled up at 
the outside of Sandy Hook seems to indicate that the Hudson 
river leveled the adjac(»nt i)art of th<' pre-existing channel during 
the maximum of the postglacial elevation, having its mouth here 
and not farther out to the sea for a considerable time. The other 
analogous submarine channel described by Dana from the north 
side of Long Island may perhaps atford a possiliility of deter- 
mining thiMr age. Having crossed Long Island sound in an 
obli(|ue direction, it lK*comes during the last 10 miles more and 
more shallow, ending abruptly at liong Island against the 
terminal moraine. Hen» it may be possible to ascertain with a 
few borings, whether the channel, as it a|)pears, has lu'cn over- 
ridden by the moraines of tlu* last glaeiation. and perhaps also 
whether it is vounirer than those of the first irlaciation. 

Thouuch the abrupt endiuir of this last channel is verv likelv 
dut' to the terminal moraine, which, to judge fnun Dana's obser- 
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vations, has not (juite fill(Ml it up, yi't there appears to be no con- 
tinuation of it on th(» other sid<» of Lonj; Ishmd, even beyond the 
glaoial deltas. 

This curious fjord-like shoaling of the submarine channel, be- 
fore it reaches the edge of the continental plateau, is repeated by 
the submerged river channels describ(»d by A. Lindenkohl from 
the Delaware and Chesapeake bays. 

This phenomenon might perhaps be explained according to T. 
F. Jamieson's suggestion for certain fjonls,- as a consecpience of 
the unequal and intense subsidence of an ice-loaded continent. 

Hut concerning these channels, as w(»ll as the one descrilMMl V)y 
Chalmers in the St. John river estuarv and the large channels 
reported by Spencer from the gulf of St. Lawrence and several 
other places, we must allow that at pre^ient we know very little 
uidetKl.of their history and precise age, with perhai)s the general 
exception that they ma\' point to a high elevation in early ghu^al 
time. 

In this connection it is of interest that in America as well as 
in Europe* the interglacial marine deposits at present accessible 
alK)ve the sea lev<»l are fouml onl}* near the margin and at the 
outside of the region, which, during the last glaciation, has be(»n 
ex|)OSiMl to subsidence*. I refer here to the interesting fossilifer- 
ous deposits described by Shaler. r[)ham and others, from Nan- 
tucket, Martha's Vineyard, Long Island and Uoston. The <iues- 
tion whether the (^^olumbia formation b<»longs to the same sub- 
sidence ciuinot safely be discussed, before its marine origin is 
conclusivelv shown bv fossils, lM)undarv shore-lines, or other in- 
disputable evidence. The same* is true of the lower b(»ds of sand 
and clay about 50 feet thick which Lyell in the rej)ort of his tirst 
vo^'age to North Ami'rica describes from Heauport near Quebi»c. 
The clay with boulders, which he observed resting upon these 
Wds and covered by fo.ssiliferous, late glacial dei)osits, is, jus T 
couhl myself ascertain, a true till, probably belonging to the last 
glaciation. 

Though the situation of these possibly interglacial <lei)osits is 
ojM^n to the St. Lawrence <»stuarv, their marine origin is very 
(pieslionable. since no fo.ssils have been found. 

But if it is <litlicult to get any idea <>f the interglacial geoid 
deformations from the marine de|)osits. it is still more so with 
respect to the scanty remnants of lake sedim<»nts. As co]n))ared 
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with these the hiiried river ehiiiinels seem to be easier t<» trace, 
thoiigli, of course, iitTf^rdiiij; less accurate information. 

In tliis connection and as possibly ])ertainino: to tiu' giuieral 
interghiciai hydro«j:ra|)hv of tlie (ireat Lake basin, I may perhaps 
mention the common occurrence of waterworn pebbles in the 
drumlins west of Syracuse, as these mav very likely be derived 
from buried sh<»re-Iines belonjxing to the same inter»i:lacial lake as 
the interesting deposits east of Toronto. 

Finally I will emphasize, that the purpose of this .paper is mucli 
less to give an ultimate solution of the ditierent complex problems 
connected with the continental changes of level, than to show a 
way by which, I think, such a solution can be reached with as 
little loss of time as possible. 

From the details already determined in North America as well 
as in Kurope, it is evident that the changes of level are closely 
(connected with the local structure of the earths crust and with 
the h)cal extension of the glaciations ; and thus it is conclusively 
shown that no changes whatever in the level of the sea can 
account for the phenomenon. 

Notwithst^iuding all doubts as to the po.ssibility of vertical up- 
lifts of the great continental portions of the earth s crust, we may 
already be fully justified to use about this with a new meaning the 
well known words of (ralih^i: ''Yet it (h)es move." 
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TlIK I'.MT OF (tKOMKJIC.VL MaIMMNO FOR StaTE SlRVKVS. 

lleferriuiT to the communication of l*rof. Winshiwon the ''Hig- 
ginsville sheet of the Missouri Survey." in resixmse to a review of 
the same sheet in the November number of the Gkolocjist (p. \\\1), 
inasmuch as Prof. Winslow intends that his sUitement of princi- 
ples shall be considered fundamentally applicable to '-a general 
system of mapping of a state or nation." and thus to cover the 
subject, from his point of view, it seems proper that attention be 
directed to some considerations which are pertinent but which he 
seems to have forgotten or \u have misapprehended — at least to 
have misapplied. 

In tlie tirst place, although it might perhaps be inferred from 
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the * -review ' that our answer to Prof. Winslow's second <|nestion 
might Ik? as he states it: -The size of the slieet shall be nniforni, 
but shall not exeeed a lar^e ([uarto page in dimensions: that is. 
the maximum size shall be about l>xl2 inehes, " that is not the 
answer whieli we shoidd give to that question. We only wished 
to enforce the neeessity of keeping the size of the sheets within 
the ((uarto size of the book. It is apparent to anyone that such 
sheets might be made to fold in the middle an<l upon insertion in 
the volume, on short ''Stubs. ' they might oeeupy two pages of the 
quarto size. lndee<l. should it be necessary, the fashion which 
has been followe*! already many times l)y the annual reports of the 
United States (feoh)gical Survev could be resorted to. viz. : fold the 
sheet three times, once at the stub, in the center of the book, and 
once at the outer margin of each page. This would allow of a 
map nearly four times that of a single quarto page, and yet be 
within tlie (piarto page sutllcicntly to meet the rc(iuirements of 
the ••review." As, much of Prof. Winslow's argumentation is 
based on the assumed intlexibility of the size of the map <U'sire<l, 
it is apparent that it falls to the ground when its basis is removed. 
Tlie other answers to the three (pu»stions propounded by Prof. 
Winslow we do not take any exceptions to. We would add, 
however, to the third answer, a proviso, viz.: that the maps should 
also 1)C published, on the completion of the survey, in affus forn*, 
accompanied by ver}* short iU*scriptive text, thus forming a geo- 
logical atlas of the state, with accompanying commenUiry, uni- 
form* in size and stvle. with the regular volumes. This is all de- 
rived from the hook side of the question. 

In applying his arguments, however. Prof. Winslow overlooks 
an im|K)rtant minor consideration when he views the (piestion 
from the aifo side. As the counties of a state varv often verv 
greath' in siz(% so the scales of the separate maps must vary, and 
some of them would be so large as to be ludicrous and some so 
small as to be useless. Hemembering that this argument isbastnl 
on an assumed rigidity in the* rule, which does not exist, it might 
also be remarked that, actuallv, the size of the inhabited counties 
in the various states, particidarly of those that remain to Im' 
mappcKl, is pretty nearly uniform. The n(»cessities of travel to 
and from thecountv seats, in the most of the states of \\w. Tnion. 
and the niquirements of c<^)unty "home nde, " regulate the size of 
the counties in all the '^organized*' an»as of the Union. It is, of 
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course, for such cases that lui}' scheme shouhl he made applicahk*. 
If there he excepticms or irreguhirities. as hi the case of ''uuor- 
ganized' eouuties, which an* apt to be temponirily large, like tlie 
enormously hirge counties of northern ^linnesota. there are va- 
rious ways in wliich those maps can still he brougiit within the 
re(iuirements of the 'review. " 

1. They might be reduced to the minimum scale, particularly 
if their geology is unimportant, or largely unknown, like some 
of the drift covered counties of western Nel>raska or northwestern 
Minnesota. 

2. Tn extreme cases when important geology in an '-unorgan- 
ized" countv must be delineated, or in an organized county too 
large for handling in (puirto style as expressed above, it would 
be best to divide such area into two or more maps, numbered con- 
secutively and so placed in the volume as to be of convenient ref- 
erence. 

:>. In the case of very small counties, it is invariably the case 

that such are thickly inhabited, and then the greater usefulness 
and poi)uIarit3' of the maps woidd justify a larger scale than for 
the others. For instance. Ramsey county, the smallest in Minne- 
sota,* embraces St. Paul, the capital of the state. There appears 
to be no unduly large scale in the plate nnip which shows its geol- 
ogy in the n^port of the Minnesota survey. (Final report. Vol. 
II. plate 43.) 

4. If there be. in any state, .several such counties, and it is 
thought b(»st not to expand them over a ([uarto page in giving 
their geology, it would be a simple problem to so reduce them 
that two could be expressed on a single page, or at least on a 
foUled sheet. 

The devices that may be resorted to to embrace all the mapped 
areas within the sizes recpiired by the 'review* are numerous, 
and every gt^ologist must employ them according to his particular 
conditions. It is not dilHcult to bring olijections against any sys- 
tem of nnipping, but it has appeared to us that thost* state maps 
that have adopted the county as the unit have avoided a larger 
number of complaints than the others. 

We would add in conclusion, that we ([Uestion the proprietj', 



*!*r(>r. Winsl«)vv gives tin* extremes of county areas iu Minnesota as 
102 S(|uare miles and "),S(jO s<juare miles. They are actually 187.15 
8([uare miles ( IJamsey ) and (3 . (3 11. T-') square miles (St. Louis). Final 
report. Vol. i. p. 114. 
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or perhaps tlu* possibility, of eiiil»racini!: in one seluMnc of map- 
ping, all the essentials which may be demanded in any "general 
system of mai)i>ing a state or nation.'' Maps are made for vari- 
ous uses, and under various auspices. The Tnited States govern- 
ment would be justified in hooking at this question from a ditferent 
point of view from that of a state government, and might we|i 
choose a larger or smaller unit, or might ignore county an<l slate 
boun<hn*ies. 



TlIK TnlMMJRAlMNCAI. WoRK OK THE N.VTIO.NAI. GkoI.OOICAL 

Sr KVEv. 

The article of Mr. Gannett, in response to our editorial in the 
November GKoi.o<ilsT criticising the course of the Ignited States 
(Geological survey in entering upon and prosecuting the topo- 
graphical work on which it has been engaged for ten years at the 
Hverage rate of ^215,(M)0 per year, is inten<led. ostensibly, as an 
answer to our objections, but it falls short of its purpose. Our 
objections are stated near the close of the 'u»ditorial " categori- 
cally, and we respectfully refer ^Fr. (iannc^tt to them, if he de- 
sires to try again. 

Instea<l of answering our objections directly and fulh', Mr. 
(lannett's letter attributes to us some exaggenited and imaginary 
statements and opinions, whidi he proceeds to demolish with evi- 
dent relish and succ(»ss. To make this apparent we desire to 
bring to the light some of these '-men of straw " which are so 
valiantly overthrown, and afterwanls to correct some of the as- 
sumptions and historical references wliich he makes. 

1. Mr. Gannett avers that we objected to the extension of the 
field work of the(Jeological Survey (»ver the entire I'nited States. 
We did not mean to say that, and we do not th'uik we did. 

2. Mr. Gannett attributes to us a •• mi.sc<mception ' of the 
significance of the term '• national domain " used in the original 
law of the survey, and states that to avoid '-such misconcep- 
tions" the efforts were made which finallv resulted successfully 

• ft. 

in substituting I'nited States for ''national domain.' We did 
not intend to express any opinion on the significanee of tlu* origi- 
nal term, and we <lo not think we did. 

;{. Mr. (iannett states that our editorial advocates the makinir 
of the geological map of the United States •• without a topograph- 
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ieal biise." It seems to us tlmt Mr. (rjiniiett will seardi in vain 
for any sueh views in our editorial. We said (p.lJlO): "TLie 
Geological survt^y should follow the mensuration survey — so far 
as its mapping is concerned." We admit that we remarked that 
man}' mrrvH geological maps have heen coiistructed without pre- 
vious topographical mapping. That was to show that the simple 
geological maps contemplated by the organic hvw of the survey, 
for the illustration of the -^mineral resources and the classification 
of the lands'' could be constructed correctiv without elaborate 
topographical surveying. 

4. The letter of Mr. (lannett aims to impair our argument^i- 
tion on tliis subject and our good sense, which might otherwise 
be brought to bear on it, by assuming that we are not '• practical 
geologists,'* and that therefore we are pardonable in not knowing 
what practical geologists need in the construction of geological 
maps. That is a -Muan of straw'' which is so frail that it can 
hurdly stand alone. The writer of that editorial has seen manv 
years of practical geological work, and has constructed numerous 
geological maps, and iui ought to be as competent to speak on 
the needs of geological mapping as any topographer, however 
expert in geodetic measurements. 

5. Again, here is Mr. Gannett's sUitement: •• The writer for- 
tifies his statement ]»y the assertion that up to the time the United 
Stiittjs Geological Survey commenced systematic topographic sur- 
veys (18S2) no geological surve\' had found it necessary to do 
topographic work.'' Now look on this, which is our actual state- 
ment: ''We know of no precedent for it: but so far as ex- 
ample goes its influence would be opposed to it. The topograph- 
ical mapping done by the eairly territorial surveys was discon- 
tinued b}' act of Congress, and no state survey' had at that time 
enUTcd upon toi)ographical mapping under a law ordering simply 
a giH>logicjvl survey. ■' The difference is so broad that any topog- 
rapher ought to be able to discover it. 

T). '* His argument is that the higher the price the better the- 
quality." We made no such argument, but it is a good principle 
that, ritriiHjtarihiis, the price is a good gauge for measuring the^ 
quality. 

7. Mr. (iannett imputes to us '-an attack " upon what i*' 
<' presumably a useful work,'* implying thereby that we are op- 
posed to the continuance of the typographical survey. We in- 



tended to exi)re8s no opposition to tho pros(»ciition of topograph- 
ical mapping, and we do not think we did. On the contrary we 
argued that a better topograpliical survey sliouhl i)e conducted, 
and that il shouUl be carried on h\ the Coast and Geodetic Sur- 
vey. 

Now we wish, svamdli/, to show that perhaps Mr. (lannetts ac- 
quaintance with some of the reUitions of his own work to the 
Coast and (Jeodetic Survey ami to some historical facts of (^on- 
grcHsional investigation, is 'lamentably at fault." 

1. Mr. (rannett sUites that the change in the appropriation 
bill from *' national domain " to t/nitaf JSfntcs, was made to re- 
lieve the law of ambiguity, and that the law was interj)reted by 
Mr. King, at the outset, as including the whole area of the coun- 
try. Whatev(»r may have been Mr. Kings view of the law it is 
plain that it was not shared by his successor and that he (Powell) 
did not feel authorized to engage in surveying in- the eastern por- 
tion of the country until the change was effected. The same 
view was held by Prof. J. D. Dana* and b}' the entire corps of the 
Coast and (Jeodetic Surv.ev.t 

The movement to transfer the activities of the (Jeological Sur- 
vey to the eastern states, by making this simple change in the 
law, was antaironized ))v the officers of the Coast and (ieodetic 
Survey, and by others, and was defeated on several occasions, 
and Maj. Powell sa} s that the survey was not transferred till so 
authorized (in 1S82), but that the meaning of •' national domain " 
was understood to be jtuhlir ilnntain. (j). :>. ) The existence of 
the law with the original phraseology effected a complete estop- 
pel from work in the eastern, or older, portion of the United 
States. This is not only admitted by Maj. Powell, but, as al- 
ready stated, was so understood by both i)arties to the controversy. 
There was therefore no ambiguitv as to the effect of the term, 
whatever then^ may have l)een as to its significance. There was 
evidently no doubt alM)ut the intent of the original law, and there 
is as little doubt, in the minds of tho.se who w(»re affected by the 
change, that the intent of the change was n<^)t so much to remove 
ambiguity as to enlarge the scope of the survey. 

2. The change was made "after full discussion in Congre.ss.' 
If this statement had been, nf'trr a ifiscKstiimi in tin rommitht of 

* American Journal of Sci(»nce, {\\), \\\\\, p. 4J)*J, ISTI). 
t Testimony Ix'forc the joint coninii.-isioii. etc.. |). HJT. r«'stini()iiy of 
Maj. Powell. 
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tlic HouHv^ it might have been nearer the truth. Senator Hale 
testified that he was familiar with the debates, and "certainly it 
did not occur to members of the Senate, it did not so carry the 
idea, that this was to take upon itself the province of a survey of 
the old states. Now, in framing that language why did you not 
put it in fairly, and in terms? " (p. IS.) That does not indicate 
"a full discussion in Congress. " 

;5. Was there any authorized agent for doing topographical 
work prior to the date when the (Jeological Surve}' entered upon 
it? And was such work actually being carried on? And was it 
being done systematically? Was there any co-operation by such 
authorized agent with the various States in the prosecution of 
such survey? To all these questions Mr. Gannett answers. No. 
lint we undertake to sav that the Vodst nml Gnuhtir tSurrnj trait 
icorhuig, nt tinit rryij tlnu\, uiuhr n /nr-rcnrliimj sr/inur winch had 
hf'cn in (tjH'rnfio}i for srrrraf ycara, tiutff r iiuthnriti/ af /riw;, nr\ a 
general nuijt o/' tJic Uiilttul States o/' a rhararfrr ttrarfi/ nfinticaJ 
trith that )unr heinij r.nrt'frff hij ttu- United States Genhtfiieal Snr- 
rey. 

It is only neces.sary to read attentively the testimony given be- 
fore the ''Joint Comission to consider the organization of various 
scientific bureaus, " ] 884-1880, to become convinced of the adroit, 
masked interference, which the Geological Survey effected, 
through the sagacious testimony and opinions of its director, upon 
the organization and functions of the Coast and (reodetic Sur- 
vey. In order to make this evident, a few (piotations are made 
from the testimonv. 

Page 107. Maj. Powell distinctly states that th(; Coast and Geo- 
detic Survey at first (1 87D-8iJ) antagonized the proiX)sition to trans- 
fer the Geological Survey to the eastern states — plainly because it 
considered itself as already i)erforming, or in a way to perform, 
luider existing law, the topDgrai)hical work of that section so far 
as wanted. It was after the proposal to make .this transfer that 
the rumors of dui)lication and interference arose. 

V. *4. The report of the committee of the National Academy 
of Science states: 

It appears tlierefore tliat two distirjct and independent trigonomet- 
ric surveys of the United States, under two departments of the 
(Tovernment, are now in process of execution. 

V. 20. Maj. Powell states: 
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"The (/ORrtt Survey was authorized to do certain work for l^tates. An 
appropriation was made for that purpose." 

It is well known that Congress luithorizeil the CVnistandCTeodotic 
Survey, and made special appropriations for the purpose, to aid 
such States as had inaugurated either geological or toi)ographical 
surveys. Up to 18S2 the following States had been aided in this 
way, viz. : Ohio, Indiana, Wisconsin, New Hampshire, Pennsyl- 
vania, Missouri, Kentucky. New Jersey, Connecticut, South 
Carolina, North Carolina, Tennessee. New York and Vermont, 
and more or less progress had been made in all of these States, 
Since then the number has been increased. 
Prof. Hilgard says, p. 182: 

"Under th(» provisions of the Inst claus** aiding States having topo- 
graphical or geological surveys, eleven States liave inaugurated sur- 
veys which are now in active prosecution under direction <»f the (Siast 
and (ie«Kletic Survtn." 

The specific work doni' was the furnishing of a series of trig- 
onometric points connected with the grand sytseni or • -gridiron' 
of triangulation extended over the* country, by which accurate 
topographical and all cadastral niai)s could be constructed as fast 
as wantefl. In some inst^mces the Coast Survey had made pre- 
liminary topographical maps (p. 41) like those of the (Tnited 
States (reological Survey, but the olllcers did not consider them 
final. Such maps were mad(^ in North (^arolina, and they were 
used as a basis for th<* geological map of that state pub- 
lished by Prof. Kerr. Such were made in the region between Wash- 
ington and South .Mountain, (p. 42), and 'in the interior ', /. r. 
in Marvlantl and V^irginia, where twenty- two tiriished sheets had 
l)cen executed. Indeed there was an underlying expectation that 
there would result finally from the (^oast and Geodetic Survey a 
complete topographical map of the United States. There was hence 
a perfect system of national and state topographical surveys weir 
organized and under its charge, progressing ns fast as neces.sary, 
with ability to progress indefinitely faster. 

This was recognized by the National Academy of Science in its 
recommendations of 1S7S. and the organization of the United 
States Geological Survey was effected in IS7J> without taking this 
function away from the (Jeodetic Survey. Indeed the action of 
Congress left the <Jeofletic Survey with all tliis duty on hand and 
in e<Mirse of fulfillment, mut tliti ii„t yirr it t,, f/,,- ,n'tc .sw^r/vy.. 
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whose duties were, however, full}' defined in its organic law. Tt was 
an after-thought that caused the (rcological Survey to enter upon 
topographical work — and more especially so in the eastern states. 

P. 238. Prof, (reorge Davidson testified thai the work of the 
Coast and Geodetic Survey is now (1S84), ''the ver}' work which 
is suitable for the topographical map, or for geological purposes," 
though more accurate than that done by the United States (leolo- 
gical Survey. 

P. 307. Prof. Hilganl states. 

By a proper co-ordination of plan.s the work for any part of the 
country, or for the (Teolo^ionl Survey, may be executed in conformity 
witli the peneral plan. 

The foregoing is sutticient to show that the Toast and Geode- 
tic Survev was (Miiraged (in 18H2) in svstematic triangulation of 
the older states with a view to a complete topographical map of 
the United States, and had executed a por tion of such topograph- 
ical map in Maryland and Virginia, and was linked, under a 
law of Congress, with eleven of the States in preliminary work for 
topographical maps of those states, and had a reasonable expec- 
tation of continuance in that work to its completion. 

4. It will next be necessary to consider another of Mr. Gan- 
nett' s views as to the relation of his work to the Coast and 
Geodetic Survey. We stated in our editorial in the November 
Geologist that tlien^ came to be rumors of clashing of official 
functions, and of duplication of work, resulting in the appoint- 
ment of a joint commission from the Senate and the House of 
Representatives, to consider the organization of these aiul other 
bureaus. Mr. Gannett says, '*this statement is entirely without 
foundation." It is only necessary to refer Mr. Gannett and the 
reader to the following statements. We take first the statement 
of Mr. Theodore Lyman in notifying the National Academy of 
>^cience of their appointment and asking its aid. 

These important branches of our Grovernment have grown rapidJy 
and have reached a position where they in some respects impinge one 
on another in such a way as to threaten in certain cases, a duplica- 
tion of work, and perhaps some waste and confusion, p. *2. 

The committee of the National Academy of Science themselves 

state : 

The work of these four organizations should be more thoroughly co- 
ordinated than it is now. p. *2. 
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Again Mr. Lyman, an intelligent member of the eommittee, 
from Massacliusetts, after the progress of the investigation had 
brought out prominently the respective duties and plans of the 
two surveys, remarks (p. 72): 

Now, if we turn to the Geological Survey, that branch of the (lov- 
ernment should be doinp one thing and is doing two things. It should, 
after the manner of the English geological survey, which was started 
in 1832 under De hi Reohe, be simply engaged with geology, paleon- 
tology, mineralogy and metals, woods and forests if you please, and 
the like. But what it is doing outside of this is to make a map of this 
country, and on a basis which is not entirely satisfactory. That is 
to say, that map is not entirely based on accurate triangulations of 
the (7oa8t Survey. Therefore, how are we coming out if we go on in 
the present way? In the first place, we sliall have the work of the 
Coast Survey, as executed by the naval oHicers and tlie civil engi- 
neers, of the utmost accuracy, and. secondly, we shall have trian- 
gulations across the continent executed by that same reliable 
survey, to endure for all time. We shall liave the admirable work 
of the United States engineers on the rivers and lakes; then wo 
shall have the shiftless and slovenly work of the Land Otiice in 
plotting and parceling lands, and finally we shall have the Geo- 
logical Survey as it is now going on, which is only "sutiiciently 
correct" ; the head of that survey used that term before this com- 
mittee. He said it would be sufficitMitly corn»ct, which lueans 
not mathematically (!orrect. Now it does not seem to me that for 
a nation which in a few years is to be the richest, the most 
powerful, and in certain respects the most civilized Tuition of the 
world; it does not seem to me that it is proper for that nation to 
go on in such a way. These laluirs should be co-ordinated and 
should be lifted to the highest plane possible. 

That, I understand, is the object of the gein^ral plan proposed by 
the National Academy. 

Prof. Hilgard stated (p. 54) that appropriation bills passed by 
Congress have ordered him to make a map of the United 
States — **eompiling data for a general map <»f the United States"^ 
— and he exhibited one of the sheets thus made. When 
asked, *'What relation is there between your map and Gen. 
Powell's geological map," he replied: "They are much too 
nearly alike to carry out both." 

"You think that if this was (Mimpleted his would not be 
netjded?" 

"No, I think that if his was completed mine would not be 

neiHled. " 

Is that clashing? Is that infringement? Is that interference'^ 
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There were eleven States eo-uperating with the C<nist and Geo- 
'detic Survey in the construction of topographical maps in 1884. 
If there are none in 1S92, as stated i)y Mr. (rannett. what is the 
probable reason? 

P. 240. Prof. George Davidson testilies that to avoid dupli- 
cation and lack of co-ordination which exists "according to a 
conviction whicli has grown up in his mind," then? should l)e 
some authoritv, and the same autlioritv, to control these two 
chiefs, aiui argues (on p. 1^41) against a "conflict" which he sees 
between the two survevs. 

Enough has been said to show, it seems to us, that we were 
justilie<i in our remark that there were rumorsof clashing and dup- 
lication. We might have stated, without fear of successful con- 
tradiction, that tin tr iras rhishliiif, and we might have adduced 
Instances. I»ut we did not presume thnt anyone would ([Uestion 
^uch i)alpable historical facts. 

'). \V(» do not wish to go into detiiils to show the deiiciencies 
of th(» topographical maps of the l^ S. (leological Survey. We 
are (piite willing to admit that they are usefid and good maps, 
and that wc should \w sorry to see the topographical work cease. 
We might, however, instance important tests of those maps by 
.some of theiirst authorities in the country, and we could point to 
several of the States of the Union which have objected to them 
31 nd have either insisted on better maps or have refused to make 
use of them in their own survevs. Thev serve, nevertheless, 
many useful purposes. Our chief objection is against the agency 
that is carrying on the work. We think it should be done by a 
ilistinctly mensuration survey, preferably the Coast and (Jeodetic 
Survey, an<i that the expense of it should not be burdened upon a 
••geological survey. '" It would l)e better to establish an entirely 
sepiirate bureau chargi^d with the execution of this map than to 
allow it to i)roceed under the present organization. That would 
give it definit«Miess and recognized sUuiding in the appropriation 
bills, and it would leave the Geological Survey to prosecute its 
legitimate work in a definite sphere* which also would have a rec- 
ognized position and standing. 

We do not wish to be misunderstood. We are opposed simply 
to the execution c>f this work under the name of a ytohtyivdl sur- 
I'tij: as a htpoffrnphicdf surcft/ its work is not sufficiently exact 
for the (h^mands of the closing years of the nineteenth century. 
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Wo have often wondered at the vast amount of work accom- 
plished by the director of the United States Geological Survey, 
and have admired his ability and consummate tact in the manage- 
ment of the many interests intrusted to him. We do not wish to 
throw a straw in his way, but rather to relieve him of a portion 
of his labor, and at the same time to establish two of the great 
enterprises which he has in hand on sure and recognized liases. 
In that we aim as much to individualize and strengthen the geo- 
logical survey as to correct and fortify the topographical 
survev. 
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Thv Volrmiic liork's nf Sontli Mtttintnin in l*f'iiii»jflranift ami MurijUtud. 
By CtkoimiK H. Williams ; Aiiier. Jour. Sci., vol. xliv, pp. 482-496, Dec, 
1892. The object of thi.s article i.« to announce the identification of a 
]arge area of volcanic rocks which make up an important portion of 
South mountain. These rocks show abundant evidence of their vol- 
canic origin in their structure: chemical composition and petrogra- 
phy. South mountain has been studied and described in more or less 
detail by Henry Ivogers, Tyson. Frazer, Hunt and ].esley; but none 
of these geologists seem to have completely recognized the (rue nat- 
ure and genesis of these rocks. Tliey have hitherto been known as 
felsyte, argillyte, petrosilex, chlorite-shitc. epidote-slate, etc., and 
their origin has usually been ascribed to sedimentary agencies. The 
reasons lor the latter fact are that the jointing and slaty structure of 
the rocks j although of secondary origin, has been taken as proof of 
sedimentation, and that no ime familiar with re<*ent volcniiics has ex- 
amined them. 

The igneous rocks of South mountain occupy an area of about 175 
square miles and, so far as examined, are found to be of two classes — 
acid and basic, with their asstwiat^d pyroclastics. The acid ones are 
usually porphyritic and are found to exhibit the characteristics of 
recent glassy and half-glas.sy rocks — such as liow-structure, perlitic 
structure, lithophysa*. spherulites. a xiolites, etc. — in hardly less per- 
fection than those described by hidings from the Yellowstone park. 
A characteristic* feature of the rocks under consideration is tin? 
eutaxic structure, i. e.. the intermingling of two portions of the mag- 
ma which show differences in color and chemical composition ; when 
these mingle in interlacing bands there is some resemblan<*e to sedi- 



mentary bandiiifj:. Tlie acid roc^ks are found to belong to the group 
of rhyoUtrs. The basic rocks, which prove to be ha4*alt)i, occupy an 
area only about half as large as the acid ones. The former have been 
more generally sheared into slates and more altered than the latter, 
but sufficient of the original structure is left to show their volcanic 
origin, and in chemical comiwsition they agree with normal basalts. 
Another proof of their igneous origin is that in places these rocks oc- 
cur as dykes. 

The age of the South mountain volcanics and their relation to the 
sandstone, in which Walcott ha^ recently identified a lower Oambrian 
fauna, are briefly discussed and it is stated that the entire absence of 
sandstone inclusions in the lava and breccia, the observations of Keith, 
Geiger and Walcott. and the sections made by Miss Bascom across 
Monterey peak. Pine mountain. Jack mountain and Haycock all indi- 
cate that the sandstone is altogether above the volcanics. "The 
South mountain volcanic nx-ks therefore become, not merely in their 
petrographical character and richness in metallic copper, but also in 
their stratigraphical position, comparable with the Keewenawan or 
Nipig(m series of lake Superior." 

Kxtensive chemical changes, involving devitrification and the forma- 
tion of new minerals, have gone on in th<» volcanics of South mountain, 
but their original structures are finely preserved. The fornuition of 
epidote has taken place to a great extent in the basalts. 

It seems possible, and indeed very probable, that many more areas 
of old volcanic rocks will be recognized in other regions of America* 
when they come to be<*arefully studied. The rocks of South moun- 
tain have been known for many years and yet their true character 
was not discovered, and it is not going too far to suppose that many 
other rocks of similar characters have been overlooked and will in 
the future be given their j>roper position. In this paper Prof. Wil- 
liams has not only given us some very interesting facts, but has also 
thrown considerable more light on the history of our earlierf ornuitions. 



.1 roiftrihufinit to the ^rro/m/// of th' fjrcdt Plains. By Ivokkkt 11a Y 
Bulletin, G. S. .\., vol. in, pp. 519-521, with a general section on the 
l()2d meridian. Two noteworthy features in the topography of the 
mid-Plains region are here noted. A valley lies between the margin 
of the plains and the Rocky mountains, the former having a steep 
western escarpment from near Pueblo to near Cheyenne, while west- 
ward from Cheyenne a ridge, ctmstituting the highest part of the 
plains, runs up to nearly 7,(X)0 feet and abuts on the tilted Mesozoic 
and Paheozoic formations of the mountains. The other feature speci- 
ally described consists in the deep and very irregular erosion of the 
valleys in Nebraska and Kansas, between the Platte and the Arkan- 
sas, where sandy Tertiary l)ed8 are "carved into fantastic forms of 
castles and buttes and palisades which vary by a local picturesqueness 
the intense monotony of the plains." 
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(h\ thr xtrnrttur ami aye <tf thv Sforkhriiltjr littiCHtoiif' in the Vvninnit 
ralh'ff. Hy T. Nklson Dalk. I^uUetin, (i. S. A., vol. in, pp. 514-519, 
with a map plate and two figures in the text. The entire thickness 
of the Stockbridge limestone in Rutland county, Vt., appears to be 
about 1:200 feet, of which the lower part, measuring about 470 feet, is 
of Cambrian age, as known by a fftf(tlith*'H bed at West Clarendon. 
The upper part of this limestone, however, according to its fossils 
collected by Uev. Augustus Wing and Mr. \. V. Koerste, is of Lower 
Silurian age, to which also belongs a part, if not all. of the overlying 
mass of Schist. 

Snppom'it itUmjhirial Kkrll-fh'ilH In ShrnjtHhin , I'linjlmnl. Ily (i. KllKD- 
KRicK Wrkuit. Bulletin, (t. S. A., vol. m, pp. 5()5-508. A shell-bed 
discovered by Mr. Prentiss Baldwin and the author at Ketley, near 
AV^ellington, in Shropshire, containing many specimens of Tmritvlhi 
communiji and a few other species, had a thickness of two or three 
inches, underlain by sand and gravel 25 or IM) feet thick and overlain 
by 10 to 15 feet of till. These marine shells, wcurring about 5(M) feet 
above the sea, are tiscribed, like those found up to about 1,1(K> feet at 
Macclesfield and 1,400 feet on Moel Tryfaen, to erosion from the bed of 
the Irish sea and transportation to their pre.«<ent position by an ice- 
sheet flowing southward from the Scottish highlands and from Ire- 
land. As shown by Prof. Percy F. Kendall, the distribution of Scottish 
boulders is co-extensive with the occurrenci* of thes(» marine shells 
and shell fragments. Such interpretation, according to Wright and 
Kendall, removes the principal ground for the supj^osition of an inter- 
glacial epoch in Kngland. The lower and upper till are regarded as 
**probably the product not of two distinct glacial periods, but of minor 
episodes in a sifigle period." 

GeoUujij of iht' Prihilitf inlnmh. Hy.IosKi'ii Stam-KV-Bicown. Hulletin 
(t. S. A.,vol. Ill, pp. 4Jm-5(M>. The Pribilof or Seal islands, consisting 
of basaltic outflows and tuff, ris«» from the almost level submarine 
plain which in covered by the shallow waters of Bering sea. St. Paul 
island, the largest meml>er of the group, has a length of 12 miles and 
width of 6 to J< miles. Its shores are low, and its surface is diversified 
by numerous small volcanic cones irregularly grouped about the cen- 
tral crater, called Bogoslof, which is about OOO feet high. In a cliff of 
tuflf on this island, known as Black bluff, which has been partly eroded 
by the sea, rounded calcareous clay fragments, containing fossil shells, 
are found ; and each of the fifteen species collected here by the author 
and identified by Dr. William H. Dall, has living representatives in 
Bering sea. These fossiliferous fragments are explained by their be- 
ing '^caught up mechanically from the adjiR^ent sea bottom and dis- 
tributed through the cone during its creation." 

St. Cieorge island, lying about .*JH miles southeast of St. Paul, is 
slightly smaller. It differs from St. Paul in being a mesa, .'i<M> to I,«KM) 
feet high, l)ordered by a precipitous shore line. Its later lava Hows 
issued from a vent near the middle of the island and from another on 
its northern shore, now more than half eaten away by the sea. 
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Tht' (itilj of Mi'.iiro <(>* n incdAUi'e of fnoMtanff. By AV J Mi^-CiKK. Bulle- 
tin, G. S. A., vol. HI, pp. 501-508. Subsidence of different portions of 
the shores of the gulf of Mexico appears to be closely proportioua£e 
to the local rates of deposition. It is thus indicated that throughout 
the southeastern part of Xorth America isostasy is probably perfect, 
or, in other words, "that land and sea bottom are here in a state of 
hydrostatic equilibrium so delicately adjusted that any transfer of 
load produces a precisely ecjuivalent deformation." 

This paper is published in the American Journal of Science for 
September, I8«2. 

Tht Ii'()(/nnis shorr north itf tin' .[(linotddrlix. iJy .T. W. Sl»KNCKK. 

liuUetin. (t. S. A., vol. iii, pp. 488-491. Plains and terraces of gravel 
and sand, occurring on the rivers flowing northward from tha Adiron- 
dacks, mostly between 700 and 1,200 feet above the sea, are regarded 
as evidence of the extension of the Iro(|Uois shore to a distance of 100 
miles northeastward from Watertown. Though this shore is con- 
tinuous from Watertown southward to Rome, 440 feet above the sea, 
at the present divide between lake Ontario and the Mohawk, Prof. 
Spencer believes that the Irocjuois water body was an arm of the sea, 
and that this region has been differentially uplifted since the Ice age 
to a mnxmium amount of about 1,200 feet. 

Chdnmls otrr (llriths md rridfncr per ir^fi of (jlorml ItthtH. By J. \V. 
Si'KxcKii. Bulletin, (i. S. A., vol. iii, pp. 45)1, 402. On the western side 
of the Adirondack m^f-Kx/f, the divide between the head of the valley 
of the Black river and that of an eastern branch of the Mohawk is 
1,141 feet above the sea. Terraces of sand and gravel lie at a consider- 
able hight above the streams both north and south of this divide, the 
highest on the north, near Boonville, being at 1,190 feet, and the 
highest ten miles south of the divide being at 1,095 feet, which is 325 
feet alM)ve the adjacent stream in the bottom of the valle3\ These 
terraces are regarded l)y the author as the former shores of a marine 
strait during the subsidence with which the Glacial period ended. 

In the discussion of these papers, ^Ir. (t. K. Giijjeut, who had ex- 
amined these areas with Prof. Spenc^er, attributed the plains and ter- 
races to river action attendant on the recession of the ice-sheet, but 
could not regard them as shore lines either of lakes or of the sea. 

Sotrs on tin' (it'oltHjii of tht Yukon Infsin. By ('. Wjl.LAKD Il.WKS. 
Bulletin, (J. S. A., vol. in, pp. 495, 496. This is a very concise abstract 
of the author's observations in the summer of 1891, during a journey 
of about l,(HM) miles through the country east and north of Mt. St. 
Elias. The interior range of the St. Elias mountains, extending north- 
westward toward Mt. Wrangell, is found to have a simple synclinal 
structure and is composedchielly of Carboniferous and Triassic strata. 
The white volcanic tuff which has been noted by various travelers 
on the Lewes and Pelly rivers was found to increase gradually toward 
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the west, reaching a niaxiinuin of about 5(.) to 7') feet in thickness in the 
ypper White river vallej', from that point decreasing very rapidly 
westward. The probable source of the tuff is a high conical peak 
close west of the Hist meridian, \\\ the northern border of the St. 
£lias mountains. (Glacial drift in tl»e White river basin reaches only 
alwut 40 miles north of the present glaciers. 

The paper is published in full by the NationaKieographic ^Fagazine, 
vol. IV, IS92, pp. 117-152, with three plates. 

Jii'hitlun.shlft (>/■ tin' (ihic'ml Ltfkr^ Warn'n, A/f/ont/itin, /nn/uitl.s, ninf 
Jlinhini-Chtunjiliiin. By Wakken Ui'iiam. Bulletin, (J. S. A., vol. iii, 
pp. 4S4-4H7. Lake Warren, held by the barrier of the retreating ice- 
sheet, extended from the western part of the basin of lake Ontario 
over the upi)er Laurentian lakes, and outflowed at ( 'hicago to the Des 
Plaines, Illinois, and Mississippi rivers. When the recession of the 
ice uncovered the Mohawk valley, lake Warren became changed to 
lake Froijuois, the (Jlacial representative of lake Ontario, and to lake 
Algon(|uiii, which occupied the basin of lake Huron, perhaps also ex- 
tending into the basins of lakes Michigan and Superior, with outHow 
eastward at first through Balsam lake and the river Trent to lake 
IriHjUois, and later by the way of lake .\ii)issing and the Mattawan 
river to the northward expansion of lake Iroquois in the lower part of 
the Ottawa basin. To this extent the (ilacial history of the Lauren- 
tian lakes had been worked out by Spencer and (Tilbert, beyond which 
Mr. IJpham considers the question. Where was the ice-sheet latest a 
barrier across the St. Lawrence basin? The directions of glacial 
stria' and transportation of the drift show that the ice of that region 
during the <rlosing stage of ghiciation was thickest on a belt crossing 
the St. Lawrence in the vicinity of (Quebec. Therefore it is inferred 
that lake Iro(|Uois extended down this valley to (Quebec, before the 
ice blockade was removed and the sea allowed to conn* in, when its 
marine fauiui reached nearly to the present mouth of hike Ontario, to 
the south end of lak(> Ohamplain, and in the Ottawa valley to Ailu- 
mette ishuul, 75 miles above the city of Ottawa. \ (ihicial lake which 
had for a time occupied the valley of the Hudson and of lake C'ham- 
plain was merged with lake Irocjuois by the retreat of the ice from the 
northern side of the .\(lirontlack mountains, the level i»f lake lro(|Uois 
being at the same time lowered about 250 feet. 

Srrottiliirff liniHUini in d'nriss. Ily \\'.m. 11. Ilnints. Bulletin, (i. S. A., 
vol. III. pp. 4(30-404, with a plate, and 4 figures in the text. C'leavage 
foliation, which has been mistaken for sedimentary stratificaticm, is 
described in calcareous muscovite biotite gneiss near the Ilopkins- 
Searles ([uarry in (Jreat Barrington, Mass. Contorted (|uart/. lenses 
and crumpled banding, approximately at right angles with the folia- 
tion, display tin* true bedding confornnible with that of the dolomite 
in the qmirry. Dr. llobbs remarks: ''The occurrence of parallel 
layers of different mineralogical composition in a metamorphic clastic 
r(K*k has been considered one of the best criteria in determining the 



planes of stratification, wliere. tliese have been partially (»tTaced by 
8ub8e(|uently induced striicture8. The structures observed in the 
gneiss of the lfopkins-Searles<|uarry indicate that one may easily be 
deceived in applying this principle." 

Similar observations by Mr. T. Nelson l)ale ( Am. (ikokocjist for July, 
1891 ) and Dr. J. K. Wolff show that the apparent strike and dij) of the 
metamorphic strata forming large sections of the (ireen mountain belt 
f)elong to the superinduced cleavage, while traces of the sedimentary 
bedding are inconspicuous or altogether obliterated. 

l*r(H'i'f(fint/s of ffn' Fourth Attn mil Mirflmj. luhl at ( 'ttJmnhiis^ Ohio 
Jhu'( utbcr /!i, Jff, find .U, ISifl. IIkuman Lk Roy FAiiicuii.n, Secretary. 
Bulletin, (Jeological S(x*iety of America, vol. in, pp. i-xii and 153-541 ; 
Nov. 9, 1S92. 

The report of the committee on i)hotographs shows 'M'2 additions 
during 1891, all by donation, of which l?5 are from the (ieological Sur- 
vey of Texas; 51 from that of the United States, including a series of 
26 by 1. ('. Russell, taken during his second expedition to Mt. St. VA'ms 
and the Mahispina glacier: 31 from the (Jeological Survey of (*anada; 
63 of the Adirondack region, by S. R. Stoddard, of (ileus Falls, X. Y. ; 
25 of mountain and canyon scenery in Colorado, by K. II. Chapin, of 
Hartford. Conn. ; and 74 of the Muir glacier and its vicinity, by Prof. 
Ji. F. Reid, of Cleveland, (). 

The accuracy of the printing of this volume, and its elaborate index, 
filling eleven pages with doubh' colunuis in small type, retlect much 
credit upon ^Ir. \V J ^rc(tee, the editor. Resides the memorial of Dr. 
John Francis Williams, which had been prepared for and j)resented 
in the (tK(H.o(;iht for >rarch, 1892, this brochure contains a number of 
papers, either entire or in abstract. 

Kh'mrntiii'!/ <rVo/of///. Cjimm.ks Riud, London. Longmans, (ireen <fe 
Co., 12 mo., pp. 248, 1890. This is a simple text-book for beginners, 
especially adapted to a class of boys who have a teacher to ac<»ompany 
them on t^xcursions. Beginning with elementary definitions, the 
author gives numerous examples of dynamical geology and passes 
thence through th(» gamut of the formations from the Archean to the 
Pleistocene. It is intended for students resident in (ireat Britain. 

XiU'th Aiiifrlrtm (iroloifij tnul Pahnntolufji/. S. A. ^Tillku. First ap- 
pendix, extending the pagination to 718 and the illustrations to 1265. 
Mr. Miller has included new genera and species published since the 
appearance of the volume about two years ago. The increased volume 
is still sold at 2^5.00, by the author, Cincinnati, Ohio. 

Mk. (tkoikjk F. Krs7. has also issued an appendix to his work, (it»in8 
ami I'rcrioiiM Stnurs of Annrira, which extends his volume to page 367, 
including, with other additions, an account of diamonds found in Wis- 
consin and ill meteorites. 

A Huh' iHoir li<jh( on the I'nitctJ Statri* (tcoliHjirtil Sifrvi'i/. .h jj<:s M.\r- 
<:oi', (Cambridge, Dec, 1892. In this Mr. Marcou continues his criti- 
cism of the methods and the ofliciary of the U. S, Survey. 



/lamlhook- of J*fiff)<k'fil (jcoltujif. A.J. .Tikks-Ukownk, London, (ieor^e 
BeJl and Sons, 12 nio., j)p. 666, 1892. Second PMition. This little 
volume cannot fail of being useful in the hands of nil teachers and 
students of physical geology. It has little or no reference to histori- 
cal geology. Its grouping and presentation of the dynamics of the 
surface of the earth, its accurate definitions and its condensed sketch 
of recent progress in the sciences of mountain-making, metamorjihism 
and the substructure of the crust of the earth commend it to such as 
desire u compend in convenient form and from a reliable authority. 
The whole of physical geology is discussed under three divisions, viz. : 
dynamical, structural and physiographical geology. 
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ThK llKiGINSVII.l.K SUKKT OK THK MiSSOlKI Si KVKV. — 1 Uot IcC iu 

your issue for this month a review of our publication entitled the 
**HigginsvilIe Sheet in Lafayette (lo.," in which you raise certain 
objections to the form of publication, and offer certain suggestions 
concerning the publication of maps. As the subject is one in which I 
am very much interested, I wish to tak(^ this opportunity to reply to 
your objections and suggestions and to explain in some detail my 
reasons for adopting the form of publication represented by the 
Higginsville sheet. 

It is my intention that the following remarks shall apply to a 
general system of mapping of a state or nation : not to special maps 
prepared for special purposes or of special districts. The accompany- 
ing rei)orts referred to are brief descriptive reports of the area map))ed, 
such as I have termed "Area Reports" (the eciuivalent of the county 
reports which have been used); large volumesor monographs treating 
of certain subjects, such as I have termed '^Subject Reports." are not 
to be included under these renuirks. 

As 1 understand it, the questions at issue are: 

1. VVhatshall be the unit of area ? 

2. What shall be the size of sheet ? 

3. In what form shall the sheet be jmblished ? 

So far as I can gather from your review, I conclude that your an- 
swers to these questions would be as follows: 

1. The county shall be the unit of area. 

2. The size of the sheet shall be uniform, but shall not exceed a 

large ([uarto page in dimensions: that is, the maximum size shall 
be about 9x12 inches. 

3. The map shall be published as an insert in a quarto volum(>. 
•My answers to these questions, on the contrary, are as follow^: 
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1. The unit of aivn .shnll be n j^eograpliic <mh» and shall be a fraction 
of square decree of hititude and longitude. 

2. The size shall be uniform and the sheet, ineludinj^ the margin. shalJ 

be 17^ X lM?4 inches. 

3. The map shall be ins<»rtedwltliout folding in a report of folio form 
of which the page of text shall be of the same size as the map. 

My chief objections to the plan proposed by you are: that it restricts 
the use of a large scale and that it prevents the adoption of anything 
like a uniform scale. Further, a county is not a fixed unit, but is 
liable to Ih» chang(»d constantly by subdivision. 

Counties are of extremely variable areas. Within the United States 
th(\v range from l?5 scjuare nu'les to ri,(KX)s(imire miles in extent ; while 
counties of 'JiM) s<|uare miles and l,(HH) square miles in the same 
state an* common. In Minnesota the snuillest county is 16*J scjuare 
miles in extent, while the largest county contains 5,800 scjuare miles. 
In Missouri counties range sinn'larly from 270 to 1,145 stpiare miles in 
area. The limits of a ({uarto page for maps of these areas would allow 
the scale, in some cases, to be as much as 2 inches tooiu* mile ; whereas, 
in another case, it would hav<* to be as little as 1 inch to II miles. For 
counties in Missouri the largest scale permissible would be 1 inch to 
li'^d miles and the smallest scale would be 1 inch to .S'.^ miles. In 
Minnesota, similarly, small and large counties \> on Id have to be repre- 
sented on scales varying between 1 inch — 1,=*, miles and one Inch = 
7'o miles. 

It would be superlluous to argue before you the niM'essity of using 
a larger scale than the size you fix will p(»rmit, for the representa- 
tion of all the valuable detail which we try to include in our modern 
geological nuips. 1 take it for granted that you will recognize this 
without further demonstration, and it seems to me that this is an in- 
superable objection to the limitations of a (]uarto page. (Granting 
this conclusion, the alternatives which ><uggest themselves for obviat- 
ing the difficulty are as follows: 

\. To retain the county as the unit of arcMi and to make the sheet of 
um'form size, but to enlarge the sheet to such a size that the larg- 
est counties can bn represented in all the detail necessary. 
I^. To retain th<» county as the inn't of area but to abandon uniform- 
ity in the size of th«» she(»ts. 
('. To abandon the county as the unit of area but to retain unifornn'ty 
in the size of sheet. 
Adopting the first alternative (A), the county 1,000 stjunre miles in 
area, nuipped on a scale of one inch to the mile, would recjuire a sheet 
at least 32 inches .s(|uare ; a county '),0(H) s(|uare miles in area, mapped 
on the same scale, would re(|uire a sheet 72 inches square. .V plan of 
publication necessitating such large sheets as this for small as 
well as large count i(»s, is plainly out of the (piestion. 

According to the second altermitive (15), a county of HJO square 
miles, mapped on a scale of one mile to an inch, could be plotted on a 
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sheet 18 inches square: whereas a county of 5,()(X) scjuare miles, 
mapped on the same scale, would retiuire a sheet at least 72 inches 
square. Such a range in size of sheet as is here indicated — and 
a much j^reater range would at times he inu'essary, — is sulUcient 
to condemn this second alternative. 

The third alternative (C), is the one tMubodied in the IHgginsville 
sheet. It retains uniformity in the size of the sheet ; it permits the 
use of any scale desired ; the size of the sheet is not too large for ready 
handling. 

T recognize it as a controlling principle in the publication of a series of 
maps that, for comprehensiveness of view and in order that the relation- 
ship of parts shall be clearly seen, tlie area represented by the map 
should be as large as is possible, compatible with convenience for use. 
VVe are all familiar with the great and many times folded sheets accom- 
panying many public reports; especially those of th(» earlier t'Xplora- 
ticms in our count ry. Their large size and awkwardness d(»feat the main 
object. It is an exasperating problem to unfold them for reference 
without mutilation and it is a veritable Chinese puzzle (<» return 
them t^) their places with the same folds and creases. 

The size represented by the Higginsville sheet seems to me a good 
compromise between these great maps and the small j)age plate. It 
is not too large for one to hold it in the hand or to have it at one's 
elbow on the desk convenient for reference; it is not so small as to 
prevent the rejireseiitation of a large area on a reasonably large scale. 
The geographic unit of area is one of universal adaptability ; it is 
absolutely fixed and its position on the surface of the globe is clearly 
defined to any man who has the rudiments of geographic knowledge. 

Concerning the publication of the report in folio form along with 
the map I do not know that I can say anything further in explanation 
than hasalready been said in the "Notice" accompanying the report in 
(piestion. The foHowing is (|Uoted from this notice. 

"The controlling ideas have been to bring prominently forward, as 
an important part of the publication, the accompanying map and 
section sheet, and to make them of ready access for reference. The 
great amount of detail embodied in these sheets justifies the sub- 
ordinating of the report to them. As future sheets and reports are 
issued they can be bound together in atlas form in substantial covers. 
Kvery one recognizes the objections to a folded map inserted in a 
poctket at the end of the report ; it is inconvenient for reference ; it is 
liable to beccnne mutilated and torn from frcM^uent folding and un- 
folding; it is often dropped out of the pocket and lost, and it can 
never, in its secluded retreat, be recognized as the ])rominent feature 
of the publication. An octavo rej)ort, accompanied by unfolded maps 
in a separate cover, is open toother objections jierhaps e(|ually strong ; 
the chief of the.se are that the maps and reports are of dilTereut sizt»s 
and have to be s(»parated in tin* library and are, lience, not readily 
accessible; one i)art frequently goes astray or is lost while the other, 
inct)mplete in itself, is retained; the two together an; awkward to 
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carry. Inherent objections t^) the form of publieiition here advanced 
are, liowever, recognized. The report is of inconvenient size and 
shaj)e for ready reading and it cannot be easily carried about for 
reference. Sti]l, thes<» objections, though inclining one to an adverse 
opinion on first thought, will, it is believed, appear of less weight when 
all the other consid(»rations are taken into account ; this has been the 
experience with most of those who have been consulted and who have 
considered the matt<»r." 

In reply to your objection that '•common library shelves will not 
accommodate such a document," it seems to me that all collectors of 
books who nnike pretensions to having a library at ail. must provide 
for the care of athis<»s and maps. Any broad shelf or drawer designed 
for this purpose will accommodate our publication. 

In conclusion 1 wish to repeat that this subject of systenuitic map- 
ping and the plan of publication is one wiii(?h inten^sts me very much 
and is one to which I have given a good deal of thought. No one is 
more anxious than am r to produce truly serviceable maps and to 
publish them in the best form, all interests considered, I am, there- 
fore, ghid to take this oj)portiniity of exjiressing, in -some fullness, my 
reasons and conclusions. I hope that they may (»llcit, similarly, free 
discussion from others: for it seems to mc* at the present time, when 
so nuich mapping is being done in various parts of the country and 
so nuich discussion on the subject is being entered into, it is i)ar- 
ticularly important that all the pros and cons be considered and 
that a well established conclusion be reached for guidance in future 
practice*. Aktihh Win slow, 

.h'ff-rson ('if If. Xor. //,. is*i,\ State (i(H>logist. 

TUK Tol'OiiKAIMIK AL W'nKK t»K WW. NATIONAL ( i KOLtKi I( A L Si KVKV. 

In the editorial in th<» l)<»cember number entitled tlu* "First Decad 
of the Geologist," you say: ''TIh' editors have had untrammelled 
fr(MHlon), as individual editors, to write whatever they chose. Some- 
times they have found themselves at variance on views expressed, 
and they have had the i)rivilege to write counter editorials in rebut- 
tal of other views.'' In the November number of the (tEoLo(JisT was 
an editorial (Mititled "The Topograjihical Work of the United States 
( Geological Survey.'' which was so entirely at variance with my views, 
that T beg you to insert the accompanying article by Mr. Henry (Jan- 
nett, which expresses what in my o])inion, is the exact status and 
value of that work. Whatever may be said concerning individuals 
upon the r. S. Survey, or the weakness alleged to (»xist in the other 
divisions. 1 believe the topographical map is by far the most import- 
ant and useful work that could be accomplished for .\merican geog- 
raj)hy and geology. There can be no mon» hunn'liating confession 
than that our country does not i)ossess a map of its simplest geo- 
grai)hic featun^s, and aside from all g«'ological considerations, I think 
that the topograi)hical work should receive the loyal suj>port and 
friendlv aid of every American citizen. Kurthernjore, I believe that 
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major Powell and Mr. Gnnnett have conducted this division in the 
al>le8t manner possible, and it gives me much sorrow to see a journal 
l)earing my name as an editor, opposing this great work. The present 
attitude of the government towards scientific bureaus is one that calls 
for the most delicate action and consideration, both upon the part of 
those in and out of the Geological Survey, unless it is their mutual 
object to destroy it. It is a pitiful spectacle to see the lack of nulled 
action in this emergency, and without committing myself to any fac- 
tion, I can only say that accusations will not advance the best inter- 
ests of science in this country, in the minds of our lawmakers. 

Very sincerely yours, Rojrr. T. Hill. 

WdHhhiffton, D. (\, hecemln'r /.7, 1S9J. 

TiiK ToiNMiRAPUic Work ok tiik 2s.\tion.\l (tkoi.ocjical Sikvkv. 
The November number of the American (tkolo<{ [ST contains an edi- 
torial criticizing the policy of the U. S. Geological Survey in carrying 
on topographic work and the quality of the resulting maps. This 
article contains numerous errors, some of which it seems worth whih^ 
to correct. 

The tirst item of policy of the geological survey to which this article 
objects is the alleged exttinsion of its field of work over the entire 
United States. The geological survey was instituted in 1870, and its 
field of work was defined as the "national domain." This expression 
was recognized as being susceptible of several different constructions, 
such as 

(1.) The public lands still owned by the United States. 

(2.) The entire areas of the territories. 

(8.) The entire area of all states and territories in which there 

was or had ever been public lands. 
(4.) The entire area of the country. 

Mr. King, t^e first director, adopted the last as the only reasonable 
construction, and immediately commenced examinations of the mines 
at Virginia City and Eureka in Nevada, and at Leadville in Colorado, 
all on private property and all located within states. 

The attenipts to obtain a change in the wording of the exi>ression 
"national domain," to which the Gkoi.oc J 1ST refers and the failure of 
these attempts, which it appears to regard as significant, were 
made simply for the purpose of relieving the expression of ambiguity. 
and to prevent just such misconceptions as those of the editorial from 
arising. The mistake of the Gkoi,(h;ist is the less pardonable, inas- 
much as the change proposed by director King was subset) uentl.V 
made after full discussion in Congress, in which all the bearings of 
the matter were examined. 

The second and principal n^atter of criticism is the fact that the 
geological survey has undertaken the work of making a topographic 
map of the country and has for ten years devoted to it a considerable 
proportion of its appropriations. It does not appear that the writer 
criticizes the policy of the survey in undertaking a geological map. 
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That is the principal work of every geological survey the world over. 
He claims, however, that it can be done without a topographic base. 
Were the writer a practical geologist, such statements would neces- 
sarily impair confidence not only in his ability but in Iiis good sense. 
It is an axiom that no good geological map can be made without a 
good topographic map as a basis. The XJ. 8. Geological Survey found 
itself without such maps except in certain comparatively limited 
areas, and there being no provision under any other organization for 
making them, this survey undertook the task. It was a condition, 
not a theory, that confronted it. Perhaps the Coast and (4eodetic 
Survey might have done the work better, but that organization wan 
not doing it, and on application, declined to do it; therefore the 
geological survey having the means and having legal authority, pro- 
ceeded to do it. 

The writer fortifies his statement by the assertion that up to the 
time the U. S. Greological Survey commenced systematic topographic 
surveys (1882), no geological survey had found it necessary to do 
topographic work. Now the fact is, that witli the exce])tion of a few 
geological reconnoissances, every geological survey, whether under 
state or national authority, had prosecuted topographic work. Under 
national authority, the Hayden, Powell, Wheeler, and King surveys 
made topographic maps. Under state authority, the geological sur- 
veys of New Hampshire, New Jersey, Pennsylvania, North Carolina, 
Alabama, Kentucky, Ohio, Michigan, AV^isconsin, Missouri, Minnesota 
and California had done the same, prior to 1882, while since that date 
many more have been added to the list. 

In ten years the Geological Survey has surveyed topographically 
an area of 550,000 square miles at a total expense of $2,150,000. The 
average cost per square mile has been a trifle less than $4.00. The 
GEOTiOGisT objects to this figure as being too low for good work — his 
argument is that the higher the price, the better the quality. But the 
area mapped includes regions surveyed on various scales, chiefiy 
1 :250,000, 1 : 125,000 and 1 :62,5()0, which implies a wide range in cost. 
It includes areas where the work has been greatly aided by the sur- 
veys of the General Land Ofiice, the Coast and CJeodetic Survey, the 
Lake Survey, the Kiver Surveys, etc., all of which have been utilized 
and the average cost has thus been greatly reduced. The maps of 
the New England states on the scale 1 :62,500 have cost per S(iuare 
mile from $9.00 to $13.00. This cost should imply to the Geolooist 
good work, since it sets a limit of $10.00 per square mile as being sat- 
isfactory in the matter of expense. But work on the same scale in 
the Mississippi valley in Illinois, Iowa and AV'isconsin has cost only 
$2.00 or $3.00 per square mile, and the results are quite as satisfactory 
as in Massachusetts and New York where the cost was four or five 
times as great. The difference in cost is due in the main to the 
assistance rendered by the surveys of the General Land Office whose 
corners furnish practically all the secondary locations. 

Jn the third place, the G^;(n,oGr8T charges duplication and clashing 
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between the Geological Survey and the Coast and Geodetic Survey. 
So far as known to one in a position to speak with authority, this 
statement is entirely without foundation. The Coast and Geodetic 
Survey is not mapping in the interior. There has been no duplication 
whatever, and instead of clashing there has existed the best of feeling 
and a most cordial cooperation between the two organizations. The 
Coast and Geodetic Survey has given in the fullest and freest possible 
manner all material desired by the Geological Survey, and its work 
has been utilized to the fullest possible extent by the Geological Sur- 
vey in the preparation of maps. 

Again, the article states that some fifteen or twenty States are now 
cooperating with the Coast and Geodetic Survey in the production of 
topographic maps. The fact is that no State is cooperating with that 
organization, for that or any other purpose. In certain states, namely, 
Tennessee, AV'isconsin and Minnesota, the Coast and Geodetic Survey 
is executing ti;iangulation at .the request of the State authorities but 
at its own expense. In none of these cases is the State doing any 
topographic work. 

The article contains numerous reflections upon the quality of the 
maps made by the Geological Survey. Now while the work must stand 
or fall upon its own merits, it is but just to the men who have exe- 
cuted it to remind the Gkologist that errors will be found not only in 
the most expensive, but even in the very best work ; and" that in seven 
hundred slieets, representing 5o(),()00 s(iuare miles, it would be strange 
if the errors, collectively, were not numerous. That the work, as a 
whole, is of good quality is sufficiently attested by those who have 
used it. Among them may be mentioned prominently the commis- 
sioners of the three States with which the Geological Survey has 
worked in cooperation, namely, Massachusetts. Rhode Island and 
Connecticut. The maps of these states have been completed, and the 
results after careful examination have been pronounced satisfactory 
by the Boards of Commissioners. That the surveys are satisfactory 
to engineers is abundantly shown by the extensive use made of them 
by state geological surveys and by mining engineers,as well as in rail- 
road location and other similar works. For these purposes hundreds 
of proof sheets are daily distributed. They are in the hands of geol- 
ogists and engineers all over the country and are in very extensive use. 
In the mapping of its area this country is far behind other civilized 
nations. Scientific and industrial enterprises in this country have 
always been handicapped by the need of them. The Geological Sur- 
vey is now engaged in supplying this need upon a practicable plan, and 
at reasonable expense, immediately for its own use, but (juite as 
much for the use of the public. It would appear that an attack upon 
what is presumably so useful a work should be undertaken only with 
a full knowledge of the circumstances and the technical details of the 
work, in both of which the writer of the article shows himself lament- 
ably at fault. Henry Gannett. 
Washington f 1). C. 
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PP]R8()NAL AND SCIENTIFIC NEWS. 



The Mk'Hioax (Jeolookal Sirvev. — A f ter h coinaU>»e ntate 
for Ion years, the "Board of Geologie^il Survey'' of Michigan ha» 
[)ros«»nte(l a re|)ort to the LegiHlatiire. Dr. M. K. Waiteworth, 
nireetor of the Michigan Mining School at Houghton, iB state 
geologist ami has the assistance of varions meml)ors of his faculty. 
The report is a provisional one on the iron, gold, ami copiK^r dis- 
triets of northern Michigan. In addition to this there is nearly 
ready for [)ublioation, Vol. 5, in tlu* si'ries of final reports, con- 
taining the geology of the Mar([n(*tte district, the report of Dr. C. 
Honiinger, and that on the gas and .salt wells of the state. 

According to Ma,ior-(tENERal Dbavso.n. of the Koval Artil- 
lery, the earth has a thlnl rotntinn, which causes the half-axes of 
daily rotiition to trace cones during a period of about ^Jl,(JO() 
years. He concludes that the glacial periods depend ui)on this 
third motion, and that they recur once in about 20,0(10 years, 
whilst the last terminated about (>.000 yeai*s ago. The* extreme 
variation of the poles amounts to about 12 degrees. The arctic 
circle encroaches on the tem[)erate latitudi's, and the tropic of 
Cancer varies the same amount towanl th<» i)oles. The (tositioiiA 
of these extremes determine the ditferences lx»tween snmmer iumI 
winter, (tenenil I^rayson suppos4»s a ghu*.ial ejMX'h sup«»rv4*iie» 
when the difference is at n]a:^imum. coincident with the jjole of 
th<' he:ivens and tlu' |K>le of the ecliptic in the same coIhfp; ami 
that the minimum of this difference, which marks the mild (or 
interglacial) (»[K)chs. will lu» rejiched in a>M)ut the year 2295, .\. 
D. The work, ^IntrotlfltH ijioHmi in umtrnnomif oml z/''''^'^*////, 
discussing this theory is published by (Miapmnn and Hall, and 
Paul, Trubner & Co.. London. 

WiSCO.NSr.N ACADK.MV OF SCIENCES. ArTS AM) LETTERS. The 

program of the twenty-third meeting held December 20th and 

*>Oth. at Madi.son. contained the following geological titles: 

On (he ^eolo^y of tlx' Waterloo (junrtzite area. 1. ^I. Ihiell, Beloit : 
notes on early I<»ad niiniu^ in Wisconsin, IJ. G. Thwaites, Madison: 
(lie progress of (ioolojjicnl Investigations and Surveys of the state of 
Wi.seonsin. particular! v of (lie Lead Ke^ion — A Historical Review 
and Bibliography (read by abstract); Notes on the structure of the 
ore deposits of southwestern AViscousin, W. 1*. Blake, Shulis])urg; 
Volcanite, a new t> j)e of andesitic lava. Win. H. llobbs and Louis 
Kahlenberg, Madison. 

Dr. J. S. Newrerrv. who has been professor of geology ami 

paleontology in Columbia (.ollege. New York City, for twenty-two 
years, died at New Haven, Conn., Dec. 7, 1H02. A future num- 
ber of (lie (Jeoi/xiist will contain a suitable biographical sketch. 
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NOTES ON A FARTHER STUDY OF THE PRE- 
CRETACEOUS ROCKS OF THE CALIFORNIA 

COAST RANGES.* 

By Hakold W. Faiudanks, Berkeley, Cal. 
Platk IV. 
Ill the Americ.vn (Jeolooist for March, 1892, 1 advanced 

proofs of the pre-Crctaceous age of the metamorphic rocks of 
the Coast ranges. Since that time field work has taken me over 
nearly the whole extent of the southern Coast ranges, from San 
Francisco to Ventura county, where these ranges unite with the 
Sierra Nevada. From the latter point the complex series of 
mountain chains of southern California were examined to the 
Mexican boundary. Many new and interesting facts were brought 
to light; one of the most important of which was the discovery 
of Carboniferous fossils in the meUimorphic rocks of th^ Santa . 
Ana range, which had been classed by all former observers as 
Cretaceous. It was found also that tiiough the topography of 
soathem California is complex, the geological structure is far 
more simple than has been supposed. Although the Miocene 
Tertiary covers a large part of the southern Coast ranges, so that 
the granite and metamorphic rocks cannot be traced continuously 

* Head liefore the (Teoh^j^icnl Section of the Science Assoc, of Univ 
of Calif., Nov. 22d, 1892. 
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to their junction with tlie Sierra Xeviida, \*et there seems to be no 
doubt that such is actually the fact, as was found to be the case 
with the northern Coast ranges. 

In my former paper I traced the Paheozoic rocks of Shasta 
county, part Carboniferous and part probably Devonian, south 
along the main Coast range to San Francisco bay. The litho- 
logicAl features of the series were quite constant the whole dis- 
tance, sandstone, slate and banded jasper j>redominating. The 
effects of intense d^'uamical action, resulting in crushed and 
contorted strata; and secondary silicilication, in which these 
strata were filled with a net-work of minuU^ quartz veins, were 
iieen to be constant and distinguishing features. With the ex- 
ception of fossils of probable Palitozoic age from western 
Tehama county, none were found in this older series: but the 
Knoxville, the lowest known (Vetaceous in the state, wherever 
present, was found generally to contain Aucella, and to rest 
totally unaltered and unconformable on the Metamorphic series. 

The bay of San Francisco is formed by a depression extending 
across the Coast ranges from the great interior valley to the 
ocean. The outlet to the bay, the Golden (tate. is bordered by 
sandstone and jasper containing dikes of serpentine and other 
greatly altered eruptives. As we go southward the ranges form- 
ing the Coast system become very regular in their northwest and 
southeast trend. They do not run (^uite parallel to the coast, but 
lap past each other, forming a succession of headlands. Between 
these are long narrow valleys o[)ening northwestward. 

The three most prominent ranges are the Monte Diablo, the 
Santa (Vuz and its southern prolongation the Gavilan, and the 
Santa Lucia. They consist chietly of granite, crystalline schists, 
and often but slightly altered sandstone, slate and jasper. As 
has been noted before, these rocks an^ so crushed that no system 
of folds can )>e madt^ out, and the strike and dip are often almost 
indistinguishable*. Gn^atly decomposed eruptives of many varie- 
ties are abundant. No granitic rocks have been found in the 
Monte Diablo range, but mica, hornblende and glaucophane 
schists appi'ar in places. The first known outcrop of granite in 
the (\)ast ranges south of Trinity county, is on Tomales point, 
about twenty miles northwest of San Francisco. This outcrop 
lies in line with the granitic rocks of the Santa Cruz mountains, 
and is (piite likely a continuation of them. South of San Fran- 
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Cisco granite outcrops first near Pt. San Pedro, and appears at 
intervals, above the Tertiary which covers the western slope of 
the mountains, as far as Santa Cruz. Ten miles away in a south- 
east direction, in line with tiie former outcrops, rises the Gavilan 
range, called by Prof. Blake '* a mighty mass of primitive rock." 
The range proper has a length of fifty miles and a width of ten. 
It is composed almost wholly of granitoid rock. Near the 
northern end are bodies of limestone and crystalline schists. 
Southeast of the Chelone peaks the range blends with the Monte 
Diablo range, and the granites are largelj' replaced by rocks of 
the Metamorphic series. These rocks form a long high ridge 
which sinks beneath the Tertiary before reaching Polonio pass. 
The granite of the Gavilan range does not terminate in the Che- 
lone peaks, but outcrops in places along the western base of the 
Metamorphic ridge for a distance of forty miles more. Its 
width cannot be determined for it is covered by the Tertiary on 
the west. 

In the canyon of Nelson creek tiie granite is seen to be brec- 
ciated, and to include broken strata of limestone. In a small 
gulch which enters the canon of Nelson creek from the high'ridge 
of Metamorphic rocks on the northeast, there is exposed one of 
the most important contacts seen in tlie whole Coast range, and 
one which should settle the disputed question of the relation of 
the granites to the Metamorphic series. The gulch cuts squarely 
across the formation exposing the succession of strata very finely. 
Beginning at the mouth of the canon we find outcropping first a 
fine grained granite so crushed that a hand specimen could not 
be obtained; next a stratum of limestone also brecciated and 
wholly inclosed in the granite. Following the granite, another 
irregular stratum of limestone. These dip to the sou tli west at 
an angle of 80 degrees, the granite overlying. They are followed 
by several hundred feet of mica schist, often presenting a pearly 
and hydrous appearance. Another stratum of limestone adjoins 
the schist, and that is succeeded by a widtli of twenty feet of 
banded green jasper. Then there is a great body of semi- 
crystalline limestone thirty feet thick; above that, green jasper 
again; the whole series dipping HO degrees southwest. Farther 
up the bill the jasper gives place to crushed sandstone and ser- 
pentine. It does not seem that there can be any doubt about the 
granite having be^n intruded into these rocks which are an in- 
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tegral portion of the Metamorphic series. This determines the 
relative ages of the two formations: and if it is a fact, as I be- 
lieve it to be, that this granite is identical in age with that form- 
ing the great mass of the Sierra Nevada, the Metamorphic rocks 
into which it has been intruded belong to the same series and 
were uplifted at the same time as those of the Sierra. The time 
of this convulsion is supposed to have terminated the Jurassic, 
and to have been followed by the lowest undoubted Cretaceous 
rocks on the Pacific coast. 

The Santa Lucia range which begins at point Pinos, Monterey 
county, and extends down the coast in a southeast direction, 
consists almost wholly for a distance of sixty miles of a coarse 
and somewhat porphyritic granite. Near the head of the Naci- 
mento river, the main southerly prolongation of the range changes 
its character, the granite being replaced by rocks of the pre-Cre- 
taceous series. This change is not abrupt, the massive rocks 
giving place to gneiss and schists, and these to metamorphosed 
slates, sandstones and jaspers. Owing to the extensive develop- 
ment of the Miocene sandstone on the eastern slope of the range 
the complete transition could not be seen. The granite does not 
terminate here but bears away from the ocean, and crops in 
several places in a line of low Tertiary hills which extends south- 
east between the Nacimento and San Antonio rivers. The third 
of these outcrops lies near the town of Paso Robles. In line 
with these exposures and about twelve miles in a southeast direc- 
tion, granite appears again in the San Jose range. This range 
has an elevation of nearly three thousand feet and a length of 
thirty miles. No Metamori)hic rocks appear, and near the head 
of Caristt creek the granite again sinks beneath the Tertiary. A 
high ridge of Tertiary hills connects the San Jose range with the 
San Emedio mountains, but as far as my observations have gone, 
the granitic rocks do not outcrop again until the latter mountains 
are reached. Blake, however, in the Pacific Railroad report 
maps the granite as almost continuous. Inasmuch as the several 
outcrops of this almost buried granite ridge lie directly in line 
with the course of the San Kmedio range, and its prolongation 
both southeast and northwest, it seems highly probable that the 
two are really connected underneath the Tertiary. 

The Santa Lucia range follows the coast until near the town of 
;Ban Luis Obispo, when it in turn passes inland, becoming wholly 
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covered by the Tertiary in places. The rocks exhibit as usual 
the effects of intense dynamical action, but have not been greatly 
metamorphosed. Toe}' have been intruded by a great variety of 
ancient eruptives which are much decomposed. In Santa Bar- 
bara county the Santa Lucia range becomes merged in the Cuyama 
mountains, but the rocks are finel}" exposed in the canon of the 
Santa Maria river. In the central portion of the county they 
finally disappear beneath the Tertiary, which rises in mountains 
five to six thousand feet high. The most southerly outcrop of 
the peculiar Coast range metamorphics forms a line of hills along 
the western slope of the San Raphael mountains on the borders 
of the Santa Ynez valley. Here are jasper, sandstone and 
glaucophane schists. Here as well as in the Cuyama range the 
rocks have the same lithological character and have undergone 
the same crushing as the almost unbroken line of outcrops ex- 
tending north to Shasta county. Secondary siliciflcation is often 
present, but is not as characteristic as farther north. The over- 
lying Tertiary sandstone, shale and banded flints, are folded but 
not metamorphosed or crushed. In southeastern Santa Barbara 
and northern Ventura counties the Tertiary beds have been 
enormously elevated, forming very rugged mountains five to eight 
thousand feet high. 

As we go south of Monterey they pre-Cretaceous series gradu- 
ally sinks, and the middle Tertiary becomes more and more 
prominently developed, until in the region just described, it forms 
the whole of the exposed portion of the mountains between the 
San Joac^uin valley and the ocean. 

The other prominent mountains of southern California included 
by Prof. Whitney in the Coast range system are the Santa Monica 
and the Santa Ana. The Santa Monica belongs to the east and 
west system of ranges, and has been classed by the earlier geolo- 
gists who have studied it as Tertiar}'. The range was examined 
in a number of places with very different results. Miocene saud- ^ 
stones appear in the hills along Santa Monica canon for two miles, 
when they are replaced b}' black slates. Both these formations 
dip south at a small angle but no contact could be found. Farther 
up the canon the slates are replaced by dark argillitic sandstones. 
They become more metamorphosed near the summit where there 
is incipient crystallization In Coldwater canon the Metamorphic 
series appears for some distance, and is then replaced bv dioritic 



74 The American Geologht, February, itft« 

granite which has been intruded into it. South of the Encinog 
ranch on the northern slope of the Santa Monica range, is an in^ 
teresting exposure of rocks. First there are Tertiary sandstones 
dipping north 25-40 degrees. Under these are the crushed and 
metamorphosed rocks of the older series, with stratification 
hardly discernible. Just above the sandstones the older rocks 
are intruded b\' dioritic granite. There is no sign of the granitic 
rocks having been intruded into the Miocene, and there seems not 
the slightest doubt but what the crystalline and metamorphic 
rocks represent an older pre-Cretaceous formation. I have been 
able to verify none of Prof. Whitney's statements in regard to 
Tertiary or even Cretaceous granite in California. He says of the 
Santa Monica range that granite forms the axis, and that it has 
))een intruded into Miocene sandstones which are much metamor- 
phosed and dip away on either hand.* The real Miocene has been 
confused with the underlying older series, and both classed to- 
gether as rocks of the same period. Prof. Jules Marcou also 
held tlie opinion that no rocks older than tlie Tertiary existed in 
the Santa Monica range, t The mistake heretofore made is due 
to a confounding of the Tertiary with the underlying pre-Crc; 
taceous series. In those portions of the report on the Pacific 
railroad survey, and of the general geology of California, Vol. i^ 
devoted to the coast region, this mistake is constantly made. 

The Santix Ana mountains are a spur of the Peninsula range of 
San Diego county. The sedimentary rocks are often but slightly 
metamorphosed, and fossils of probable Carboniferous age were 
found in three different places. One fossil bearing stratum was 
discovered within less than a mile of the granite of Santiago peak. 
It was very highly metamorphosed, being apparently a micaceous 
felsite. The other fossils were in a dark gray limestone only 
slightly altered. In portions of the range the quartzose rock^ 
are filled with a network of small quartz veins very closely rcr 
sembling the characteristic phenomena of the Coast ranges farthei; 
north. The fossil bearing rocks have been intruded by granite 
which forms an integral part of the Peninsula range. 

A glan(n» at a topographical m:vp of California shows two main 
chains of mountains. One extending near the coast the whole 
length of the state; the other and more rugged one, branching ofl' 

*(f(M)l(>gi('nl Survey uf (-iil., Vol. i, p. 121. 

tGeo^raphicnl Surveys West of the 100 Meridian, 1876, p. 172. 
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from the Coast system in Shasta county, also extends parallel to 
the coast but at a distance of two hundred miles from it. In the 
course of six hundred miles this range gradually approaches the 
Coast system in the form of an immense arc, and finally unites 
with it in northern Ventura county. This union is so intimate at 
both ends that no one can say where the one terminates and the 
other begins. From northern California to the point where the 
ranges approach eaeh other on the south, the compression, pro- 
ducing the folding and crushing and which gave rise to the moun- 
tain axes, acted in (juite a uniform direction, northeast and south- 
west, forming the two approxinmtely parallel systems. South of 
a line running east and west through the southern end of the San 
Joaquin valley, the compression has been from a different direc- 
tion, that is from the north and south; producing an east and 
west system, of which the mountains in southern Santa IJarbara, 
Ventura and Los Angeles counties, and the islands south of the 
Santa Barbara channel are examples. As another result of this 
north and south compression, the Sierra system was turned out 
of its normal course into one taking the form of the resultant of 
the two forces; consequently the nearer it approached the (-oast 
system, the more it was deflected, assuming successively a south, 
southwest, west, and finally a northwest course: the actual exposed 
portion of the crystalline rocks terminating in the high peaks at 
the western end of the San Kmedio range. The main mountain 
system extending from Frazer mountain south of the Mojave 
desert, including the Sierra Libre, the Sierra Madre or San 
Gabriel, and San Bernadino ranges, shows a union of the two 
forces, producing a fold having a direction a little south of east 
and north of west. Through San Diego county the normal south- 
east direction is shown in the regularity of the Peninsula range. 
The two forces acting simultaneously gave to southern California 
the irregular system of mountains which has been included by 
some in the Sierras and by others in the Coast system. The posi- 
tion assumed by the mountains formed by the union of the 
southern Sierras and the northwest prolongation of the Sierra 
Madre is very suggestive. They are inseparal»ly connected with 
the Sierras, and yet seem an integral part of the Coast system. 
Thus we may conceive as having been formed at the same time 
with the final great upht;aval of the Sierra system, and its accom- 
panying granitic rocks and intense metamorphism. the Coast range 
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system, exhibiting fully as great mctainorphism through the 
Peninsula, San Bernadino, and Sierra Madre ranges, but from 
the termination of the San Emedio range northwest through the 
coast region until Trinity county is reached a much less degree 
of metamorphism. In the coast region the sedimentary rocks are 
not crystalline save in the vicinity of the granite, which except 
in the main portion of the Santa Lucia, San Jose, and Gavilan 
ranges is not found in very large outcrops. This granite seems 
to have been squeezed up along axes of greatest disturbance and 
not to have exercised a pronounced regional metamorphism. 

Although the sea had free access through eastern Santii Bar- 
bara county to the San Joaquin valley during Tertiary times, there 
is evidently no structural break, simply a depression. In this 
depression are thick Ijeds of sands and clays, hiding the north- 
west prolongation of the San Emedio range. After passing over 
the space now occupied by a line of Tertiary hills, there appears 
another granite ridge, the San Jose mountains. Northward there 
are other outcrops slightly projecting above the almost universal 
Tertiarj*, until the high and rugged Santa Lucia range is reached. 
The other prominent crystalline axis in the Coast range north of 
Ventura county is the Gavilan. Dr. Becker, one of the strongest 
supporters of the theory that the metamorphic rocks of the Coast 
ranges are Cretaceous, has admitted that if there are any forma- 
tions older than the Cretaceous in the Coast ranges, they are the 
limestone and gneissoid rocks of the Gavilan range.* It is the 
southern continuation of the granitoid rocks of this range by 
which the characteristic metamorphic series has been intruded. 
What can be admitted of the Gavilan range must also be true of 
similar rocks in the Santa Lucia. 

As far as I can learn but two specimens of fossils have been found 
in the metamorphic rocks of the central Coast ranges. One was an 
Inoceramus, presented to the old state sur\"ey by major Elliot who 
found it on Alcatraz island, San Francisco bay. Prof. Whitney 
says: '*But so crushed and broken are the strata thus revealed to 
view and so few and indistinct the fossils which they contain, that 
it was a long time before their real age could be clearly made out, 
and it was not until after we had decided on stratigraphical and 
lithological grounds that the so called 'San Francisco sandstone' 
must be of Cretaceous age that the timely discovery of a single 

\ *(Teol. of the Quicksilver Deposits, p. 128 and 181. 
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shell, undoubtedly of this epoch, iu the rocks of Alcatraz islaad, 
gave the additional desirable assurance of the correctness of our 
views."* In another place he says of this fossil: **Presented to 
the survey by major George H. Jllliot, W S. Engineers, by whom 
the first specimens were discovered. On subsequently visiting 
this localitv I found numerous casts of this and of several other 
bivalves, the latter in too imperfect a condition to be recognized. 
The species is of unusual interest, being the first incontestable 
proof of the Cretaceous age of the long disputed San Francisco 
sandstone."! A close examination of the island has recently 
been made, but no traces of any molluscan remains have been 
found. The sandstone of the island is identical with that of the 
mainland both north and south which 1 hold to be pre- Cretaceous. 

The genus Inoceramus is not confined to the Cretaceous. J. S. 
Diller has recently found sp<^cimensof it in the Jurassic of Plumas 
county,! while in the Cretaceous of California I believe it is con- 
fined to the upper division, the Chico, not being known in the 
Shasta group. The specimen found on Alcatraz island was not in 
good condition, and 1 think it can safely be said that there is room 
for doubt concerning the correct determination of this fossil. 

The other fossil which has been made use of to determine the 
Cretaceous age of tbe Coast ranges is a supposed Aucelhi from 
the Santa Lucia range, a little east of J?an Luis Obispo. It was 
found by Mr. Turner while gathering material for the report on 
the quicksilver deposits of the Pacific coast? In • -Correlation 
Papers," Cretaceous, Dr. White speaks of the most southerly 
known locality of the Aucella as near parallel 37 degrees 30 
minutes north latitude, || that is, in the MariiK>sa beds, thus ig- 
noring the specimen from San Luis Obispo, which may have 
been determined wrongly. As European authorities in particu- 
lar disagree as to the time range of the genus Aucella, whether 
it is characteristic of the Jurassic or Cretaceous, or of both, it 
does not seem to be the proper thing to classify a great series of 
rocks by it alone. There has existed much uncertainty with re- 
gard to the exact classificatien of the Aucella in California, and 

/♦Geol. of Cal., Vol. i, p. 77. 
^ tPalieontology of Cal., Vol. ii. 
^-^Bull. Geological Soc. of America, Vol. in, p. 4(»r). 
•. ^Geology of the Ciuicksilver Deposits, p. 381. 
t flBull. U. 8. Geological Survey, No. 82. 
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many changes have been made. Jules Marcou has lately as- 
serted that the older genus Avicula has been confused with the 
Aucella, and that the rocks in which it is found are not Creta- 
ceous but much older.* 1 suppose he refers to the attempt to 
include in the Cretaceous the supposed Aucella bearing strata 
of the Mariposa beds which were classed by Gabb in the Jur- 
assic. Granting that the classification is perfectly correct, Dr. 
White acknowledges that the Aucella is not unequivocal in its 
signification and says: ''I do not think that any satisfactory 
evidence has yet been presented to show that the genus Aucella 
is exclusively confined to either the Jurassic or the Neocomian, 
and I know of no reason why we may not expect to find species 
of it in both Jurassic and Neocomian strata."! Again speak- 
ing of the Mariposa beds on the Merced river, says: '^The 
strata have an almost vertical dip, and they are plainly an in- 
tegral part of the groat Auriferous Slate series." — '*The 
great Auriferous Slate series is an immensely thick one, and in 
northern California it is known to include strata of Carbonifer- 
ous age. "t 

There can be no (juestion but what the genus Aucella is otte 
of the most characteristic lower Cretaceous fossils in California, 
and it is fully proved that these unaltered beds rest unconform- 
able upon the Metamorphic or Auriferous series. Several ex- 
amples of this were cited in my former paper. It has also been 
fully proved by Mr. Piller and others that there is no important 
nonconformity between the lower and upper California Cretace- 
ous. Consequently the nonconformity shown where the Chico 
rests directly on the Auriferous series in the Sierra Nevada, may 
with certainty be referred to a pre-Cretaceous upheaval. 

The interesting discoveries of J. S. Diller in the Taylorville 
region have an important bearing on the question under discus- 
sion, lie found there the most complete series of Jurassic beds 
yet known in the United States, lower, middle and upper Jura 
being represented. With regard to the separation between the 
upper Jura and the Cretaceous Mr. Diller says: **So far as yet 
known, on the fortieth parallel the rocks next younger than the 
Tavlorville rJurassie are the Knoxville beds of the earlier Cre- 
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taceous. They are widely separated in space, and it is prob- 
able that there was between their periods of deposition a con- 
siderable lapse of time, in which the rocks of the Sierras were 
greatly deformed by compression and raised above the sea; con- 
sequently the shore line of the Cretaceous sea scarcely reached 
the western base of the Sierra Nevada and laid down its deposits 
unconformably upon the older rocks.''* 

I believe this upheaval was the most far reaching and import- 
ant one which can be recognized in the geology of the state. 
Consequently we have to accept one of two things, either the 
supposed Aucella in the metamorphic rocks and that in the un- 
altered Cretaceous are not identical, or the species is not char- 
acteristic of the Cretaceous and has survived the most intense 
convulsion known. In either case the evidence is uncertain 
and cannot set aside results founded on careful lithological and 
stratigraphical investigations. 

We can say with certainty, that whatever the range of time 
represented b}' the older rocks of the Coast system, their earliest 
upheaval was pre-Cretaecous, their final great uplift dating from 
post-Miocene times. That the southern Coast ranges were cov- 
ered by the sea during a part of Cretaceous and Tertiary time 
is no proof at all that the axes of these ranges did not exist 
ready formed and intruded by granite. 

Accepting the view that the granitic axes of the Coast moun- 
tains are of the same age as the main body of the granite of the 
Sierra Nevada, the Sierra Madre, San Jacinto and Peninsula 
ranges, the intrusion occurred at the close of the Jurassic, pro- 
ducing the first foldings in the region now occupied by the ex- 
tensive Coast system. The time of the appearance of this initial 
fold is that from which we must date the age of the Coast 
ranged. Blake says, in speaking of the age of the Coast Range 
system: **The age of an axial rock combines the idea of the first 
"opheaval through the hardened crust, and to some extent the 
period of its appearance above water, though not necessarily 
the latter idea, "t It does not seem to have occurred to Prof. 
Whitney or to the geologists of the Pacific Railroad survey, that 
the granitic axes of the ranges on which the Miocene, as a rule 
the lowest sedimentary deposit present, bas been deposited, 

*Bull. Geological See. of America, Vol. 3. p. 383. 
/fPacific Railroad Survey. Vol. 7, p. lM. 
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must, if we accept the definition of granite as a deep seated 
rock, have been above water and have undergone very extensive 
erosion through a protracted interval in order to have removed 
the great thickness of sedimentary strata lying above it. The 
interval is represented by the whole of the Cretaceous and the 
lowest portion of the Tertiary. The Miocene Tertiary, wherever 
the granites are exposed, rests directly on them with no inter- 
vening formations. The Chico-Tejon series is present on the 
eastern slope of the mountains bordering the San Joa([uin val- 
ley, showing plainly that the main portion of the system was 
above water during the time of the deposit of the beds of that 
series. Whether great or small, the elevation certainly existed, 
being structurally connected with the Sierra Nevada at both ends. 
The following quotations are from the writings of the earlier 
investigators, and will serve to illustrate their views. Blake 
says: '^Theageof the granites of the Sierra Nevada and the 
Cordilleras in parallels 32-3 { is anterior to the Eocene deposits 
and posterior to the later Palaeozoic; the age of the Coast ranges 
is posterior to the Miocene." — '*A11 the observed sedimentary 
rocks were of the post Cretaceous period.''* In another place 
it is stated, speaking of Los Angeles, Ventura and San Diego 
counties, in which the Miocene has been so greatly elevated: 
**The Cordilleras, therefore, have been raised since the deposit 
of the Miocene beds of California, and are thus coeval with the 
Coast ranges, with the Sierras, Santa Ynez, San Raphael, and 
San Jose; indeed, perhaps the latter are the true continuation of 
the chain towards the northwest. Both have the same direction, 
both have the same sedimentary beds flanking them, the nature 
of the axial rock is similar, and the volcanic rocks erupted on 
its sides are similar; and, lastly, both are connected by an inter- 
vening mass of mountain, the San Kmedio region. — The sand- 
stones described as peculiar to the eastern slope stretch in and 
occupy the angle formed by the termination of the Sierra Nevada 
at the Canada de las Uvas and the San Emilio mountain, which 
lies fifteen miles west; — the sandstones dip away from the gran- 
itoid rocks of the Cordilleras, and so on toward the Cajon pass, 
while they run directly up to and lie unconformably upon the 
Tejon granites. It would thus appear that this sandstone was 
deposited originally upon both ranges, the Nevada and the Cordil- 

♦Pacific Railroad Report, Vol. 7, pp. 24-25. 
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leras, but since the deposition the former was not raised, while 
the latter was Should this observation prove correct, it follows 
that the Cordilleras are of a later age than the Sierra Nevadas ; 
a view which I think the correct one, though opposite to the one 
taken by Mr. Marcou. Nothing appears easier to trace than the 
relations of connection and continuity between the middle of 
the Coast ranges (San Jose and point Finos) and San Emilio, 
and between San Emilio and the Cordilleras, a fact now for the 
first time stated and brought to light by the exploration of this 
survey, by which there has been traced a continuous granitic 
chain from point Pinos, at Monterey bay, to the northwestern 
edge of the Cajon pass, terminating at the Kikal Mungo moun- 
tain."* He speaks of the sandstone being deposited on both 
ranges and then that one range dates from the post- Miocene 
upheaval, evidently a contradiction. 

Jules Marcou, the eminent French geologist, who spent some 
time in southern Califoniia as geologist of the Pacific railroad 
survey, and later with Wheeler's sur\"ey, sums up his opinion 
with regard to the mountains of a portion of southern California 
as follows : 

I. ' *Sierra Madre, of the Primordial epoch, anterior to the 
Silurian. 

II. Coast Range, of the close of the Koceno. 

III. Sierras of San Fernando and Santa Monica, of the close 
of the Pliocene." lie says farther that nearly all the ranges of 
southern California belong to the Primitive formation, and con- 
siders the Sierra Madre as simply a continuation of the Sierra 
Nevada. t His reasons for classifying the Coast ranges as Terti- 
ary are the same as those of Prof. Blake. 

Prof. Whitney in discussing the relation of the Sierras to the 
' Coast ranges says : *• As we skirt the base of the Sierra, how- 
ever, in the region where this chain turns to the west, toward 
Fort Tejon, we pass at once from undisturbed Tertiary to strata 
of the same age which are elevated at a high angle, and, in so 
doing, we leave the system of the Sierra and pass over to that of 
the Coast ranges. This change takes place about midway be- 
tween the Cajon pass and the Canada de las Uvas ; hut no hreak- 
in the mountain ranges indicates this transition. The great lines 

•Pacific Railroad Survey, Vol. 7, p. 90. 
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of disturbance are so closely connected with each other in direc- 
tion, and they have been so affected in this vicinity by the ex-, 
istence of secondary ones, that the topography of the country 
does not reveal the geological facts, which not the less do really 

exist. 

* ^Starting from a point a little to the east of the Canada de las 

Uvas, and drawing a line which shall leave on the west all the 
mountains elevated since the deposition of the Cretaceous, and 
on the east those which have not been disturbed since that epoch, 
we find that, according to our present state of knowledge, this 
line will pass to the east of the San Gabriel range, through the 
Tejon pass, to the east of the Temescal range and on the south 
of the Santa Ana, striking the ocean in the vicinity of San Luis 
Ray, which is the most southerly point to which the Coast range 
system has been traced. The masses of San Bernadino and San 
Jacinto are included in the Sierra Nevada, which runs south and 
occupies the peninsula of lower California, the Coast range sys- 
tem not having an existence in that region. " * 

To Blake is due then the credit of having first announced the in- 
timate relation existing between the Coast system and the Sierras, 
but it is evident that he is wrong in the conclusion reached with 
regard to the relative ages of the two. 

In discussing Prof. Whitney's statements I wish to show how 
artificial is his line separating the two systems of ranges. In the 
first place the change from undisturbed to steeply inclined Ter- 
tiary beds near Fort Tejon, indicates simply the* point to which 
the effects of an important uplift of the Coast ranges in post 
Miocene times extended. This uplift was not felt to any extent 
in the Sierra Nevadas, and the fact remains as indisputable that 
the granites and crystalline schists of the Sierras extend un- 
broken through the Tehachapai and San Emidio ranges. The 
granites and schists of the San Gabriel range also extend un- 
broken through the Cajon pass to the San Bernadino range, and 
this is separated from the San Jacinto by the San Gorgonio pass, 
which 1 believe represent no structural sepamtion. The granites 
and metamorphic rocks of the Santa Ana mountains I have also 
demonstrated to be continuous with those of the Peninsula 
rang(». 

It seems to me that \\\ii geologists who have studied this sec- 
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tion have failed to note the structural relations existing. The 
complicated topograph}- does not indicate such difficult geological 
problems. Two forces acting at an angle with each other in this 
region are amply sufficient to account for the iiTcgularity exhib- 
ited. 

Very interesting questions remain to be solved with regard to 
the granitic rocks of southern California. Do they all date from 
the pre-Cretaceous upheaval or are there older formations ? The 
presence of Archa?an granite in the canon of the Colorado is 
amply proved, but the relation of the crystalline rocks of eastern 
California to this primitive formation is not known. It may be 
well to emphasize the fact that the granitic rocks of the Santa 
Ana range, which are inseparable geologically from the whole 
Peninsula range, do not underlie the Carboniferous limestone and 
shales, nor have they been brought to light by simple uplifting or 
faulting, in which case they would be older, but are present 
solely as far as my observations have gone, as intrusions squeezed 
into the sedimentary rocks in a molten condition at the time of 
the formation of the mountain system. I can find no phenomena 
in any portion of the Coast ranges to support the view that the 
granite simply underlies the pre-Cretaceous series, but it seems 
always to have been the agent of upheaval and metamorph- 
ism. 

Dr. Becker in his monograph on the quicksilver deposits, says: 
'* At the Comstock and at Steamboat Springs, as well as on the 
eastern slope of the Sierra, granite Immediately underlies strata 
at least as old as the Mesozoic. In the Coast ranges, also, 
Neocomian beds rest upon it. No distinctly intrusive granite of 
Mesozoic or Tertiary age has been recognized in the present in- 
vestigation. That such exists, as ass(^rted by Prof. Whitney, I 
by no means deny; but there is at least some ground for suppos- 
ing that the main part of the rock is Arehiean. ' * 

In another publication speaking of som(» Triassic beds inclosed 
in the granite of the high Siernis, Dr. Becker says : * ' The main 
mass of the granite of the Sierra is earlier than the Aucella beds 
and in part at least later than these Triassic beds." t 

My work has led me over a great part of the Coast ranges 
from San Diego to Siskiyou counties, and along much of the 

♦ Geology of the Quicksilver Deposits, pa^e 141. 
' t Bull. Geological Soc. of America, Vol. 2, ncre 208. 
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weBtern slope of the Sierra Nevadas, and 1 have not yet seen any 
granite which I believe could be correctly termed Archeean. It 
seems to have been squeezed into rocks varying in age from 
the Jurassic to Palajozoic inclusive. The time of intrusion ex- 
cept in some minor instances seems to have been as before stated, 
at the close of the Jurassic. It is possible that there are areas 
of older granites in eastern California, but I do not know that 
the presence of any extensive formation has been positively 
recognized. 

The Metamorphic series in the Coast ranges contains a great 
variety of intrusives of all ages, from the late Tertiary lavas to 
the most ancient and highly altered ones whose original charac. 
ter has often been completely lost, and a part of which probably 
antedate the great upheaval. 

As great as is the time gap between the periods of sedimenta- 
tion represented by the pre-Cretaceous series and the Miocene 
which rests upon it, yet in places they are with difficulty distin- 
guished from each other. Particularly is this so in San Luis 
Obispo county. The older series however everywhere show the 
effects of intense crushing. 

A vast amount of detail vet remains to be worked out in the 
Coast range geology, but 1 believe the facts already known war- 
rant us in assuming as a basis of future work that the axes of 
the Coast range are structurally closely related to the Sierras, and 
were first raised during the post-Jurassic upheaval, which at 
least if it did not originate the Sierra axis gave it its present 
magnitude and approximate elevation. It thus appears that dur- 
ing Palwozoic and early Mesozoic times the region occupied by 
these two important ranges was beneath the sea, receiving sedi- 
ments probably from an eastern continental area, and save for 
disturbances which thus far have been recognized only locally, 
the sedimentation was c*ontinuous ; and that if as old formations 
are not in the future recognized in the Coast ranges as have 
alreadv been found in the Sierras, it is because of the less vio- 
lence of the post- Jurassic upheaval in the former region, and the 
<'onsu(iuent non exposure of the deeper seated sedimentary 
.strata. 
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LAKE FILLING IN THE ADIRONDACK REGION. 

By C. U. Smttu, Jr., Clinton, N. Y. 

Of the phenomena attendant upon the circulation of meteoric 
waters, none is more familiar to geologists than the obliteration 
of lakes by the deposition of sediment and the cutting down of 
outlets. While both actions go on simultaneously, in any specific 
case the one or the other may be the dominant factor. But, in 
either event, the destruction of the lake is the final result; and 
thus it is that lakes are taken as indicating an incomplete drainage 
system, and, to a certain extent, a new topography. 

Such a perfect example of lake filling is furnished by the lakes 
and natural meadows of the Adirondack region, that these seem to 
merit more attention than they have hitherto received. In their 
economic aspect the natural meadows, or vlies, have been consid- 
ered by Emmons,* but as an instance of lake filling they seem to 
have been neglected. 

It is not the mere presence of these vlies that makes the 
region most interesting in this connection, but the fact that there 
is a complete gradation from lakes having almost their original 
extent and outlines, to those which have been entirely filled, 
forming vlies. 

This series is well exhibited in the region about the head 
waters of the West Canada creek, the largest southward fiowing 
stream on the west side of the Adirondacks. The two main 
branches of the creek have their origin in the lakes of Hamilton 
county; and, fiowing in a southwesterly course, some six or eight 
miles apart, unite at Xoblesboro, Herkimer county, forming a 
considerable stream which empties into the Mohawk, at Herki- 
mer. These two branches of the creek are separated by an eleva- 
tion of land, from seven to twelve hundred feet above the bot- 
toms of the adjacent valleys and between two and three thousand 
feet above sea level, t This elevated area is made up of irregular 
ridges of gray and red gneiss, having a general northeast trend 
corresponding with the strike of the rocks. Small lakes, ranging 
from a few rods to three or four miles in greatest diameter, 
occupy many of the depressions between these ridges. 

♦ Geol. of N. Y., II. p. 417. 

+ All elevations given in this paper are derived from a limited 
number of aneroid measurements based upon a railroad level thirty 
miles away, and must, therefore, be considered as only approximate. 
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The origin of the lakes is perfectly apparent : they are the re- 
sult of the damming up of old lines of drainage by glacial detritus. 
The amount of material deposited by the ice sheet is very small 
as compared with the heavy masses found in other parts of the 
state, in this elevated region the soil being always thin or entirely 
wanting. However, the topography, high, steep ridges separated 
by narrow valleys, is such that a comparatively small. amount of 
drift has been enough to materially interfere with the drainage, 
and thus form the lakes. As a matter of fact, the lakes are the 
best indication of glacial action to be seen in this region ; for the 
character of the rocks is spch that they have not preserved 
scorings, transported boulders cannot be distinguished from the 
country rock, and sections of glacial deposits are very few. The 
only clear 'indication of ice invasion, besides the lakes, is the 
common occurence of roches moutonnees. 

Wilmurtlake, five miles northwest of Morehouseville,' Hamilton 
county, furnishes an instance where the filling has but slightly 
changed the original outlines. It is about one and one-half 
miles long and one-fourth as wide, with gently sloping shores of 
sandy till covered with soft, spongy forest soil. That these 
shores are original and in no degree the result of deposition from 
the lake at a higher level, is perfectly clear from their contour 
and from the character of the materials composing them. A few 
rods back from the lake the east and west banks become steep; 
particularly the former, where there is a considerable cliff, and 
an elevation of four to five hundred feet above the lake within 
half a mile. The north and south banks, on the other hand, are 
rather flat; the former rising a little and then dropping rapidly; 
while through the latter is afforded an easy outlet for the waters 
of the lake. The preglacial valley in which the lake lies is thus 
clearly defined; and it is evident that the water of the lake is 
derived from a very limited area. The visible inlets are but four 
in number, all very small, most of the water reaching the lake by 
soaking through the spong}- soil. From this fact it follows that 
very little sediment is brought in; hence the slight change of 
outline, which is limited to the shores adjacent to the mouths of 
the inlets. Of course, sediment is distributed to a greater or less 
extent over the whole lake bottom, but this does not aflfect the 
surface outline. A large flat island near the western shore, 
api)ears, at first glance, to be a result of sedimentation ; but closer 
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inspection shows that it is chiefly composed of glacial material, 
its original extent having been somewhat increased by the growth 
and decay of marsh plants. 

One mile and a half northeast of Wilmurt, lies Big Rock lake; 
about equal to Wilmurt in size, but much more irregular in out- 
line, the rocky shore being indented by several small bays. The 
erosion valley occupied by the main body of the lake extends 
nearly east and west, while a large arm or bay swings oflT in a 
northerly direction. This bay differs from the main body of the 
lake in that its shores are very steep, almost vertical, running 
down into thirty or forty feet of water. Five rods west of the 
shore is a vertical cliff of brown gneiss, and still farther west a 
deep ravine with vertical walls and no flowing water through it. 
The valley occupied by the northern arm of the lake is extended 
a mile or more by a similar ravine. The whole topography sug- 
gests that this portion of the lake basin is not the result of ero- 
sion alone, but owes its existence in part to orographic move- 
ments. 

Big Rock lake lies one hundred and flfty feet lower than Wil- 
murt; and receives the drainage of a larger territority. Several 
streams flow into it bringing with them a considerable amount of 
sediment, which has had a marked effect upon the outline of the 
lake. This is most noticeable on the southern side, where the 
two largest and swiftest streams empty. One of these has filled 
a shallow bay and built out a little into the lake. The other has 
almost wholly filled a long narrow bay, whose original shores are 
sharply defined. The area formerly covered by water is now a 
level, marshy meadow; its surface about a foot above the ordi- 
nary level of the lake, and covered with a heavy growth of 
grass and a few small balsams and tamaracks. Through this 
meadow the stream that has built it flows slowly, in a sinuous 
course. 

At Wilmurt, in the shoaling of the water about the mouths of 
streams, with the attendant growth of water and marsh plants, 
is illustrated the very earliest stage in the developement of a vly; 
in this Big Rock Meadow is shown completed a portion of a vly 
which will ultimately occupy the place of the whole lake, unless 
there shall be some disturbance of the forces now acting. 

The next stage in the series is shown in Little Rock and Snag 
lakes, the former two miles west of Big Rock, the latter one mile 
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north of Wilmurt. Both lakes are very small, measured by rods, 
rather than miles; and lie m sharply defined basins, enclosed by 
high hills. Both are partially surrounded by strips of meadow 
of varying width, through which the inlets flow in winding 
courses. As at Big Rock, the meadows lie a little above the 
ordinary water level ; and their origin is equally clear. But here the 
process has gone farther, resulting in a reduction in the size of 
the lakes amounting to one-quarter or one-third of their original 
area. 

Further illustrations of the process are afforded in a large num- 
ber of nameless lakes lying from two to ten miles north and west 
of Big Rock in a region unmapped and without trails. Here are 
lakes wholly, instead of partially, surrounded by meadow. In 
some cases the width of meadow is small as compared with the 
areA of the lake ; in other cases, very large. In the latter event, 
the lakes are sometimes so shallow that water lilies cover the 
entire surface. Of lakes in this stage there are many examples. 
Tracing the process still farther, instances are found where the 
meadow has grown at the expense of the lake till the latter is re- 
duced to a tiny pond ; and finally, when this has been filled, there 
is left a level meadow, through which flows a winding, sluggish 
stream. 

These meadows or vlies, of course, vary as greatly in size and 
shape as do the lakes from which they are derived. A large one 
lies less than a mile east of Wilmurt lake nearly equaling the 
latter in size. It is covered with tall grass and around the edges 
a few trees are scattered. A small stream, in its upper part, 
consisting of two branches, winds through the vly and runs into 
Big Rock lake, a mile distant. After heavy rains the stream 
floods the entire vjy to the depth of a foot or more, spreading 
over it a greater or less amount of sediment. In every respect, 
except its completeness, this vly, which may be taken as a type 
of the class, is identical with the small meadows at the. mouths of 
inlets of the various lakes. It is clearly the last stage in the 
process by which these meadows are now growing. Other vlies 
contain islands, rising above the general level, and covered 
with a forest growth, precisely like the islands in existing 
lakes. 

While there can be no doubt that the deposition of sediment is 
the chief factor in the conversion of lakes into vlies, the gix)wth 
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and decay of vegetation should not be overlooked. As soon as 
the water becomes sufficiently shallow, water lillies spring up, 
and after these rushes and other water plants, all of which con- 
tribute something toward land making. As shoal water is replaced 
by land, the mosses develope in abundance and become an im- 
portant factor in raising the surface; while at the same time sedi- 
mentation becomes of less moment, being limited to periods of 
high water. Sometimes considerable portions of a vly are 
covered with this wet, spongy moss. The partially decayed moss, 
together with sediment deposited by floods, gradually raises the 
surface till it becomes sufficiently dry and firm to support 
grass and, finally, trees, of which tamarack is always most 
abundant. 

The conditions prevailing during the formation of a vly are 
sometimes favorable for the production of peat; and that it has 
formed has often been proved, as stated by Kmmons.* In the 
particular region under consideration, it has never, to the writers 
knowledge, been sought for. As peat results from the accumu- 
lation of decomposing vegetable material, its formation would be 
confined chiefly to the later stages of vly building when sedi- 
mentation is of minor importance. 

A striking feature brought out by the examination of these 
lakes is the great difference in the rate of filling indifferent cases. 
The time during which the process has been going on is the same 
for all, and yet the effect produced varies greatly. The expla- 
nation is self evidint; the rate of filling depends upon several 
conditions, the most important being the number, size and cur- 
rent of inlets, and the character of the surface over which 
they flow. The effect produced upon a lakes outline by a given 
amount of sediment depends upon the area and the depth of 
water. As there is the utmost variation in these conditions, 
there is a corresponding variation in the results attained in a 
given time. Thus, a lake which, like Wilmurt, receives most of 
its water by soakage through the soil, shows very little effect of 
filling; while the lakes that are fed by swift streams always show 
some surface change, even when deep and of considerable size. 
An apparent exception to this rule is shown in Metcalf lake, 
about two miles long, reached by a trail of a mile and a half from 
Big Rock. This lake is fed at its upper end by a considerable 

♦Geol. of N. Y., ii,p. 417. 
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stream and yet shows very little filling. The reason for this 
becomes apparent on following up the inlet for a few rods. 
The stream is found to flow out of a small lake, which serves as 
a catch basin for the sediment brought from above, and is, in 
consequence, very near the vly stage. 

The foregoing facts clearly indicate that the obliteration of 
lakes in the region described has resulted from sedimentation, 
rather than from a cutting down of the outlets. Professor Cham- 
berlin applies the latter explanation to certain swamps and peat 
bogs of Wisconsin ;* but the cases do not seem to be quite par- 
allel. 

While in some of the Adirondack lakes both causes may have 
worked together, there is no evidence that such has been the 
case. A great objection to such a supposition is, that in no 
instance that has come under the writer's observation is there 
any evidence that the lakes ever stood for an}' length of time at 
a higher level. Had they done so, there would have been formed 
the same marginal meadows that are forming to-day, and some 
traces of these meadows ought, surely, to exist as terraces at the 
present time. But of such there is no indication. 

In some instances it is demonstrable that the lake never stood 
at any considerable elevation above its present level. Wilmurt 
lake is, perhaps, the best example. Some years ago the outlet 
was obstructed by a dam two feet high, with the result that an 
entirely new outlet was formed. Clearly, the lake never stood 
more than two feet above its present level, for had it done so, 
the barrier across the old outlet must have been higher than the 
artificial dam and the water would have flowed through the pres- 
ent outlet. It may be argued that these facts favor the idea that 
vlies are due to a cutting down of the outlet, for here, where it is 
proved that there has ))een no such cutting, there has been but 
small urogress made towards a vly. But sufficient reason for 
this has been already given, in stating that very little water 
reaches the lake through streams. Furthermore, the efi'ect of 
deposition has been somewhat, though slightly, obscured by the 
recent raising of the water level. 

Hamilton Collryt', (Hiiton, N. T. , Octoher, 189J. 

■-' Geol. of Wis., Vol. n,p. •J40. 
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THE MAGNESIAN SERIES OF THE OZARK UPLIFT. 

Frank L. Nabon, Geological Survey of Miiisourl, Jefferson City, Mo. 

During the writer's study of the iron ores of Missouri, the 
question as to the position of the iron ores relative to the Magne- 
sian or Ozark series became one of prime importance. Dr. A. 
Schmidt, in his report on the iron ores (Geological Survey of 
Missouri, 1872), definitely refers to the specular ores hi the '*Sec- 
ond Sandstone,' and to the limonites generally on the <*Third 
Magnesian. " The same views were retained in the report of Prof. 
Broadhead in 1873. In the earlier surveys whenever mention is 
made of the specular iron ores of the above series of rocks, they 
are also placed in the '^Second Sandstone. '" 

Without going into the minute history of the origin of the terms 
**First, Second and Third Magnesian limestone,' ^*First, Second 
and Third sandstone, ' etc., it will be sufficient for the present to 
state that the position of the specular ores was found to be in 
cave-like excavations in the so-called Third Magnesian limestone 
and under instead of /// the so-called second sandstone. 

The next point to be settled, as far as possible, was to deter- 
mine the source of these extensive and numerous deposits. Their 
existence in caves showed conclusivelv that the iron was of sec- 
ondary origin, probably derived from the leaching of superincum- 
bent rocks. The leached rocks, according to the earlier geologists, 
must have been. Second Magnesian limestone: First sandstone and 
First magnesian limestone. Farther, if the Lower Carboniferous 
and Coal Measures rocks extended over the '-Ozark uplift,' these 
also would contribute their (juota of iron to the specular deposits. 

With the view of settling the point as to the existence of even 
traces of the Lower Carboniferous rocks, and also of determining the 
approximate thickness of the First sandstone, it was determined to 
study a section across the entire Ozark uplift from north to south. 
As has been explained very carefully by Pumpelly and by Broad- 
head, the Ozark mountains are really no mountains at all. There 
is a great anti-clinal fold running southwest from St. Louis. The 
drainage from this great area which Prof. Broadhead has very 
happily called the Oznrk uplift^ has resulted in the formation of 
great streams. These streams, flowing to the great drainage val- 
leys of the Missouri and of the Mississippi rivers, have, near 
their mouths, cut deeply into the strata of rocks which form the 
aplift. On this account it was inferred that by following two or 
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more of these streams down the opf)Osite slopes of the Ozarks, a 
section, showing the succession of sandstone and limestone, would 
be found. 

Accordingly a boat trip down the Big Piney from Calx>ol, near 
the highest f)oint of the Ozarks, to where the Big Pine}' empties 
into the Gasconade and thence down this last river to the Missouri, 
was made. For the section down the southern slope of the 
Ozarks, current was followed from Riverside, in Shannon county, 
to Doniphan, in Ripley county, and near the Arkansas and Mis- 
souri line. 

In the vicinity of Cedar gap, thirty miles west of Cabool, on the 
K. C. M. & B. R. R., the younger rocks. Lower Carboniferous, 
are found in contact with a Magnesian limestone. From Cedar 
gap to Cabool there is a succession of limestone and sandstone 
outcrops. The limestone for the most part appearing on the 
higher ridges, the sandstones in the depressions. No detailed 
work was done here, only observations made from freight trains 
which stopped at every station for several minutes. The higher 
hills appear to be covered with a shaly limestone which doubtless 
belongs to the younger formation. 

The al>ove observations are valuable onl}' as they seem to sup- 
plement the fact that Lower Carboniferous fossils in chert were 
frequently found on the higher bluffs down both the northern and 
the southern slopes of the uplift. It is thus probable that the 
Lower Carboniferous once extended over the entire Ozark uplift. 
In the vicinity of Cabool limestone of the Magnesian series cov- 
ered nearly the entire rock outcrop. Near the Big Piney, how- 
ever, and in the drainage basins leading into it, sandstone, 
ripple-marked, in places saccharoidal, in others flinty, is a com* 
mon rock. 

In the Big Piney itself, about eight miles from Cabool, flinty, 
ripple-marked sandstone appears covered by hea\y beds of clay. 
These clays farther down become interstratified with argillaceous 
and cherty limestones, and these, where the river cuts deepen, by 
beds of limestone lying on top of the sandstone. 

Farther down the stream heavy beds of sandstone appear cap- 
ping the higher bluffs which often rise precipitously from one 
hundred to five hundred feet. In, or rather oti.mtMxy of the bluffs 
no sandstone appeared near the river, but following the rise back 
from the river a distance of from one-half of a mile to a mile, 
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heavy beds of sandstone were usually found. That is, the sand- 
stone found at the river level near Cabool was getting higher and 
higher above it. 

Another fact worthy of note is that the sandstones are often 
lenticular. A thick bed of sandstone would occasionally show a 
thin seam of limestone. In a succeeding bluff the limestone 
would increase to the point of reducing the sandstone to a thin 
seam, and the next bluff would show the sandstone at its normal 
thickness again. Two or three layers of this sandstone and lime- 
stone occasionally appear. But without this thickening and thin- 
ning in lenses, one fact is very readily apparent, the sandstones 
never lose their own but are growing higher and higher in alti- 
tude as the river reaches its lower level; and, as the country is 
cut deeper and more numerously by adjacent as well as tributary 
streams, the sandstones form, often broken, caps on the limestone 
of the divides. In spite of the fact that occasional lenses of sand- 
stone or gritty layers are formed in the limestone, the limestones, 
as the sandstones retreat above and from the river to the highest 
points of the divides, are growing purer, more heavily bedded, 
and thicker toward the Missouri river. 

When the Missouri river is reached we find that the sandstone 
with which we started at Cabool has been persistent, and the only 
persistent bed of sandstone, and that from being the surface rock 
continuously bedded at the river level at Cabool, it now caps the 
bluffs which rise sheer from the Missouri river, east of Gasconade 
City, to the height of over three hundred feet. Without going 
into detail, it may be pointed out that the section down Current 
river shows the same phases which have been pointed out above. 
The highest hills on this river are about six hundred feet above 
the river and they are practically solid limestone from the river to 
the more or less broken cap of sandstone which usually is found on 
the summits of the hills. Conclusive as such sections are, with 
respect to establishing the continuity of a given bed, there are often 
concurrent facts which almost, if not entirely, remove all doubts. 

In the Ozark series fossils have rarely been found. Casts in 
loose chert, which has evidently come from the decomposing 
Magnesian limestones, are frequently met with, but this chert has 
rarely been found /// »itn. During the excursion down the rivers 
search was made for fossil localities which might serve as a means 
of identifying widely separated rock strata. This search was re- 
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warded with success far beyond the writer's expectations. Soon 
after beginning the river section on the Big Piney, a fossil stratum 
was found lying between the limestone below and the sandstone 
above. This stratum with fossils was found in every bluff from 
Cabool to Gasconade City, and from Riverside to Doniphan. 
Numerous specimens were collected and are now in the survey 
collections at Jefferson Citv. 

At the writer's request Prof. R. R. Rowley visited several of the 
noticed localities. He writes that the stratum was easily found 
from the writer's description and could easily be recognized at 
widely separated localities. 

In addition to the above localities, the writer has found fossils 
of a similar nature hi siin at Cherry Valley Iron bank. In 
widely separated areas throughout the entire extent of the Ozarks 
the writer has found fossils in chert similar to the ones found in 
the river sections. In everv case they vvere found in chert htloxo 
outcrops of sandstone, never a bo re. These fossils have been 
found in areas which have been described as '-First sandstone." 
Summing up the results of the study of the above sections, the 
writer arrives iit the following conclusions: 

First. — That the bed of sandstone in which are located the de- 
posits of specular iron ore in Crawford, Dent, Phelps, Pulaski, 
Texas, and other counties are continuous and are synchronous with 
the beds of sandstone followed down the northern and southern 
slopes of the Ozarks. Second: that this is the only bed of sand- 
stone of any importance, exposed within the region. Third; that 
the terms '•First,'* "Second" and ''Third" sandstone are not 
based on sufficient evidence to warrant their retention. In fact 
that these terms have been applied to the same bed in different 
parts of the Ozark mountains. 

In view of the above facts, the writer proposes that in place of 
the above terms the name Roubidoux be applied to the bed of 
sandstone above described; and that to the heavy bed* of lime- 
stone occurring undrr the above sandstone be applied the name 
Gascona^le. These terms being taken from the streams along 
which these rocks typically occur. 

If any one cares to become acquainted with the detailed reasons 
for the above conclusions, he will find them, together with careful 
sections in the forthcoming report on the "Iron Ores of Mis- 
souri," published by the Missouri Geological Survey. 
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SECOND SUPPLEMENT TO "MAPOTECA GEOLO- 
GICA AMERICANA," 1752-1881. 

By Jules Marcou, Cambridpe, MasH. 

The number between bracketn shown the correct position of the map or addition in the 
•general catalogue, Bulletin rnited States (ienlogical Surrey^ No. 7, Washington, 
1884. 

NoTA BENE.— This second supplement lint, with some remarks un maps already quoted 
in the "Mapoteca,'* has been prepared with the help of Messrs. E. A. Smith, A. W. 
Vogdes, Gustav Steinmann, A. del Castillo, H. W. Clarke, S. H. Soudder, and J. B. 
Marcou. I have been unable to ^et the full title and dates of two geological maps; one 
by Mr. Rothwell, of the northern anthracite basin, and the other by Mr. C. R. Boyd, of 
Southwest Virginia, which have been kindly pointed out to me. 

I. — Aunriva in general ^comprisiiuf both North nnd South America. 

[1.] 

Addition. — The ** Carte goologique dii globe terrestre, '" by A. 
Bone, was presented 22d September, 1843, at the meeting of the 
^German naturalists at Gratz; and at the Geological Society of 
France, the 5th of February, 1844 {Bidhtin Sor. Geoh, 2d 
series, tome, i, p. 26().) An explanation under the title: ** M^- 
moire a I'appui d'un essai de Carte geologique du globe terrestre, 
etc. . " was published in the same volume of the BuUttin Soc. 
Geol, at pp. 296-371. 

The map printed and colored mechanically, by Le Blanc, captain of 
Engineers, French army, was issued the 15th of February, 1845. But 
owing to some defects, the distribution was stopped soon after — only 
twenty copies having been sold — and the%vhole edition was not issued 
truly until the spring of 1846. 

IT. — North Ameriot in genrraK ffc. 

[25.] 
Addition. — The first map of William Maclure of ISilU is with- 
out his name, which was carelessly omitted ; and as a conse- 
quence it is sometimes credited to Samuel G. Lewis, the drafts- 
man. 

925 [26 a. J 
1814. — De Beaujeu (Felix) le Chevalier. Map of the United 
States (Carte des Ktats-Unis, dresst» par P. Lapie.) 
Accompanying: *' Sketch of the United States of North 
America, at the commencement of the nineteenth century, 
from 1800 to 1 81 0. '' Translated from the French bv William 
Walton, London, 1814. 
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Almost a copy of Maclure*8 Geological map of 1809, with some ad- 
ditions for Texas and Canada, and a few alterations. The principal 
difference being that the colors are placed only in contour forms, not 
as " teinte plate." The description of the map is called " Surface of 
the Land," from p. 41 to p. 52. 

[31.] 
Addition. — The place of publication is Boston, Massachusetts. 
The map is accompanied by an explanatory text entitled: *<A 
concise description of the geological formations and mineral 
localities of the western states designed as a key to the geologi- 
cal map of the same, by Byrem Lawrence," Boston, 1843, pp. 
48. 

926 [59 a.] 
1866. — Logan (Sir W. K.), Geological map of Canada and the 
adjacent regions, including the other British provinces, and 
parts of the United States. Scales 25 miles to one inch; in 
eight sheets. 

The preceding map No. 59, with exactly the same title and the 

same coloring, is a reduction in one small sheet of the great map in 

eight sheets. 

III. — Arctic Amcricfi, etc, 

1»27 [89 a.] 

I860. — Packard, Jr. (A. S.) Map of a portion of the coast of 

Labrador. 

Accompanying : • ' Observations on the glacial phenomena of 

Labrador and Maine, etc.," in Mnnohs, Boston Soc. Nat. 

Hist.^ vol. I, plate 8, p. 210, Boston, Oct., 1865, issued in 

1869. 

The map contains the coast only from the strait of Belle Isle to- 
Davis inlet. Black etchings. 

VIII. — Nt'u: York and Niic Jersey, 

928 [241 a.] 

1844. — Emmons (E.) Agricultural and Geological map of the 

State of New Y^ork by legislative authority. Four sheets. 

Engraved and printed in New York, 1844. 

Accompanying: Agriculture of New York, vol. i, Albany, 

1846. 

It is the map spoken of at No. 239 of the Mnpoteea Gcoloyicn .4//wW- 
canuy p. 59, as '* stolen or destroyed by persons unknown." This most 
important map and the only exact one of the whole state of New 
York and a part of Massachusetts, by Dr. Ebenezer Emmons, con- 
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taining his great discovery of the Taconic system, well represented 
and colored, instead of being destroyed as Emmons thought, was only 
concealed in the cellars of the State House of New York, at Albany. 
It was not issued during the lifetime of Dr. Emmons ; but in 1877 
some mutilated copies were distributed by the State Librarian at 
Albany, as the real Geological map of the state of New York. 
Finally, in 1887, the map as dressed and colored by Emmons, with its 
full title, has at last come out from the cellars of the New York's 
Capitol. The suppression of the map during Emmons* life, and many 
years afterward, was due to the existence of the Taconic system, op- 
posed by certain person or persons bound together to its destruction, 
not only as a system, but even as to its existence below the Potsdam 
sandstone considered wrongly by them as the oldest or bottom strati- 
fied beds in America. 

928 [244 a.] 

1859. — Geddes (Geo.), assisted by H. W. Clarke and D. L. Sweet. 
Geological map of Onondaga county, N. Y. Scale about 
1 . 6 miles to one inch. 

Accompanying: '* Report upon the Geology, etc., of Onon- 
daga county/' published by the New York State Agricul- 
tural Society in its *' Transactions for 1859, Albany." 

930 [244 b.] 

1859. — French (?). Geological map of NewYork. Small scale ; printed 
in the margin of French's map of New York. New York ? 1 859. 

Black etching. 

IX. — Peimsylvania, Delatrnr*' and Mfirylaitd^ 

931 [274 a.] 

1837. — Rogers (H. D.) Map of Chester county. 

Accompanying: ''Flora Cestrica, etc.," in "• Plants of Ches- 
ter county in the state of Pennsylvania," by William Dar- 
lington, Westchester, Penn., 1837. 

The name of the author is not inscribed on the map, but is indicated 
in the preface page vii. A second edition of that map appeared with 
the third edition of the "Flora Cestrica," by William Darlington, 
Philadelphia, 1853; but no reference is made of its authorship by 
Henry D. Rogers, although the same geological map as the one of 

1887. 

932 [285 a.] 

1864. — Sheafer (P. W.) Official coal, iron, railroad and canal 
map of Pennsylvania, etc., showing the relative position of the 
various anthracite and bituminous coal fields, etc. , by authority 
of the legislature of Pennsylvania, Pottsville, Pa.,18(>4. 
Black etching. 
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XIT. — Southern iStatcH. 

933 [541 a.] 

1835. — Conrad (T. A.). Geological map of Alabama. 

Accompanying: *' Fossil shells of the Tertiary formations 
of North America," vol. i, No. 3. Title of No. 3: ** Eocene 
fossils of Clairborne, with observations on this formation in 
the United States, and a (reological map of Alabama.'' 
Republished with plates (four plates), March 1,1835, Philadelphia. 

This map, like the first geological map of Machire, described under 
No. 25, is without the name of its author, and may be attributed to 
the draftsman, H. S. Tanner, the compiler and publisher of the geo- 
graphical map on whicli Conrad put his geological classification and 
colors. 

Less than half a dozen of No. 3 Conrad's "Fossil shells of the Ter- 
tiary, etc.," are in existence. Owing to a foot note at page 36, someone 
interested in the notes purchased the whole edition and suppressed 
it. Two reprints, one without the foot note and without the geologi- 
cal map, and a second one witli the foot note and the map, has the 
same fate. No copies have ever reached Europe. Sir Charles Lyell^ 
during his first journey in America, in 1842, received from Conrad a 
copy of his Geological map of Alabama. (Tnireh in Xorlh Ann'rica 
in the yearn 1841-42^ voL ii, p. 204, New York and London, 1845.) 

X V 1 1 1 . — Mex k'o . 

934 [801 a.] 

1803. — Humboldt (A. de) Esquisse geologique des environs de 
Guanajuato, fondee sur des mesures geodesiques et baro- 
metriques faites en aout et Septembre, 1803, Paris. 

935 [801 b.] 

1807. — Humboldt (A de) Carte geologique du Nevado de Anti- 
sana, esquisee sur les lieux, Paris. 

936 [801 c] 

1827. — Gerolt (F. de) and Berghes (C. de) Carta geoguostica 
de los principales distritos minerales del Estado de Mexico^ 
formada sobre observaciones astronomicas, barometricas y 
mineralogicas hechas por F. de Gerolt agenta y C. de 
Berghes. Mexico. 

937 [804 a.] 

1844. — Garay (Jose de) A Geological map, accompanying : **Re- 
conocimiento del istmo de Tehuantepec, practicado en los 
annos 1842 y 43 con el objeto de una commuuicacion 
Oceanica, por la comission cientifica que nombro al efecto el 
impressaria Don Jose de Garay," London, 1844. 
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938 [804 c] 

1860. — Anonymous. Geological map of the southern part of the 
isthmus of Tehuantepee. No place of publication. 
XXIV. — Paraguay^ Patagonia and Tierra dvl Fucgo. 

939 [852 a.] 

1847. — Grange (J.) Carte geologique de la Patagoine et de la 
Terre de Feu. Scale 1 : 1,150,000. 

Accompanying: ** Voyage au pole sud et dans TOceanie," 
par Dumont d'Urville, Geologic; atlas in folio, Carte No. 2^ 
Paris, 1847. 



[ Notes on Pal.eozoic Crustack.e No. 3.] 
ON THE GENUS AMPYX WITH DESCRIPTIONS 

OF AMERICAN SPECIES. 

By A. W. VooDBs, AlcatraT: Island, San Francisco, Cal. 

Historical notice of tfie genus Ampy.f Dal man 18 J8. 

1828. — Dalman describes and figures the first species of this genus 
under the name of -i4m/)!/.r /ttt»w^«x from the Lower Silurian of East 
Gothland at Skarpasen. This new genus is classified under Section v% 
family A»aphus {Anipyx) nasutus Palfcaden p. 53, plate 5, fig. 3. The 
author gives the following brief description of the genus : "Eyes not 
apparent nor even protuberances in their place., but rather impres- 
sions; head large and triangular; glabella very large, prominent gib- 
bous, and not lobed; thorax short with few segments (8) ; pygidium 
distinct and entire." This species has been described and illustrated 
by numerous authors. 

1835. — Sars describes and figures in Isis, Heft 4, p. 334, plate 8, figs. 
9 and 4, two new species from the Lower Silurian of Norway under the 
names of Ampijx rostratas and .1. maminillatus. The glabella of Ampyx 
mammillatns is represented on plate 8, fig. 4c as blunt in front, less so 
in fig. 4a, and elongated in fig. 4b. It is doubtful whether all these 
figures are of the same species, Boeck, Gea Norvegica, 1838, p. 144 ex- 
presses this view, but the author does not suggest a new name for the 
species. Angelin ( Palseontologia Scandinavica, 1854 p. 80) restricts the 
name of Ampyx mammillatun to Sars* figure 4c, and gives that of 
Ampyx contatuH Boeck, to figs. 4a-b-d apparently from a term used by 
Boeck in the naming of species in the Christiania Musuem. 

1843. — Portlock in his report on the Geology of Londonderry, etc., p. 
258, gives a generic description copied after Dalman's ; the author also 
describes and illustrates two Irish species from the Lower Silurian, 
which he considers identical with those described by Snrs in 1835. 
Col. Portlock remarks: " If Ampyx imsiUus Dalm, was provided with 
a frontal spine, it is equally probable that if perfect it would have 
exhibited lateral buckler spines also, and hence these appendages 
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must be considered rather generic than specific distinctions. As the 
terms uaxutus and rostratuM are therefore inappropriate as specific 
designations, they should be replaced by others not tending to con- 
found generic with specific characters, and Ampyx na^mtus might be 
called after its discoverer Ampijx dalmauiy and Arnpy.c roMratus^ Ampyx 
mrHil" The author expresses a doubt if all the figures of Ampyx mam- 
millntuK given by Sars are one and the same species. He describes and 
illustrates Ampyx austini which has hitherto been regarded as a 
synonym of the older species, Ampyx mammillatuH. Ampyx hacatus 
Portlock is probably the head of a species of the genus Encriminurus ; 
it is indistinctly illustrated. 

1846. — Barrande describes in his preliminary work, Nouv. Trilob. 
p. 9, Ampyx porthrki, which has five segments in the thorax. 

Corda describes and figures under the name of Ampyx hohemicuM, a 
species to which Barrande had already given the name of Ampyx 
portlovkii, Prodrom, 1847, p. 154, pi. 3, fig. 19. 

1847.— Boll, in Dunk & Meyer*s Pahvont. Bd 1, Liefg. 2, pi. 17, fig. 8, 
describes and figures .1 //*/>//.! ^r//rAvier/, a new species from an erratic 
boulder. 

1848. — Forbes describes and illustrates in the Mem. Geol. 8ur., vol. 
2, part 1, page 350, a new species from the Upper Silurian of Ludlow, 
England, under the name of Ampyx pa rvnlus, which he figures on plate 
10 ; it has only 5 thorax segments. 

1849. — Forbes, in the Mem. Geol. Sur. Decade II, plate 10, describes 
and illustrates Ampyx nndm^^ a species which Murchison had classed 
under the genus Trinucleus, in his Silurian Syst. 1839, p. 660. Forbes 
divides the genus into two provisional sections as follows: 

1. Ampyx proper with the head long and five thorax segments. 

2. Bjachampyx with the head short and round with six thorax seg- 
ments. 

The section Brachampyx is equivalent to Dalman*8 original genus 
Ampyx J oi which A mjtyx nasut us is the type, and is altogether mis- 
applied ; it should be abandoned. 

1850. — McCoy, in Annals Mag. \at. His., series 2, vol. 4, p. 410, gives 
a classification of English trilobites. He enumerates the genus Ampyx 
under the ()gygida\ The author also describes a new species under the 
name of Ampyx latn:<y with five thorax segments; ct. Ampyx ntidm* 
which occurs near Builth, Wales, the locality given for this fossil. 

1854. — Angelin, Pala'ontologia Bcandinavica, p. 80, proposed the fol- 
lowing subdivisions of the genus Ampyx, Raphlophor'nUf with three 
genera. 

1. Lonchodomus Ang, with lancelate glabella terminating in an 
elongated prismatic spine; type Ampyx rostrntus Sars. 

2. Ampyx Dalm., with an oval glabella terminating in a rounded 
spine, six thorax segments; type Ampyx comtatUH Boeck. 

3. Raphiophorus Ang., with an obovate glabella having an abrupt 
apical spine, five thorax segments ; type A. xeterostris Ang. 

The author describes and illustrates Ampyx costatus Boqc}s, taking 
Bars' figure of Ampyx mammUlatuH. Isis 1835, plate 8, figs. 4a-b and d 
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for the type of the species. On comparing Angelin s iliiistiations of 
Ampyx coHatas given on plate 40, fig. 1, we observe that they resemble 
Sars^s figure given on pi. 8, fig. 4b, Isis, 1835 ; as to having a prcduc'jd 
glabella and spine, Sars' figures given on pi. 8, fig. 4a represenc it 
species with a blunt glabella terminating in a tubercle ; fig. 4b of the 
same plate has an extended glabella prolonged into a spine. Both 
these species do not appear to be the same, therefore Angelin's des- 
cription of Ainpif.r ro)*fatiiii should be confined to Sars* fig. 4b, and 
Ampyx mnimninafiis should be restricted to Sars' figures of this species 
given on pi. 8, figs. 4a-e. These illustrations do not (juite coincide, 
but they agree much better than fig. 4b. That both Boeck and Angelin 
were correct in splitting up Ampyx nnnninilhifns Sars, there can be no 
doubt; it is a question of the correct separation. Ampyx coHfalns 
should not include the spined and non-spined glabella represented on 
Sars' pi. 8, figs. 4a-b, as Angelin, as reclassified it. 

Angelin also describes and figures the following species: 

Ampyx fori itlnt IIS Aug., Kegiones I)-K ; Ampyx mammllldtus Sars, 
Reg. Da; Ampyx imsntns Dalni., Keg. (' : Ampyx f nrnhatiiA Aug.. Reg. 
Da; /iap/iiitphoriix arflrnstrlii Aug., lv«'g. Da: li. tnm'nliix Aug., Ixog. Da; 
R. culmiimtns Aug., Keg. Da : A*, thpn-ssn Aug. Keg. Da : A*. sr,i,iirn.s Aug., 
Keg. Da ; Lonc/mdnmnM ritstratnx, Sars.. Keg. Da; L. rrn.-i.sirostri.'* \ufr,^ 
Reg.Da ; A.///^'/^m Aug.. Keg. |)a : A./'/z/A/Z^/.y Aug.. Keg.( ' ; L.tlumntns Aug., 
Reg. B-C ; Ampyx ft'traynmiH Aug.. Keg. (', and .1. rurinntnn Aug., Keg. 

1852.— Barrand(» in his great work Syst. Sil. Bohrnio, vol. i, p. <)3*J, 
describes and figures Ampyr mnmtlti. He also rrdc^scrihes Ampyx 
porfhi'Li which is illustrated for tlu' first time. 

1857.— Kichwald in the Bull. Sw. Nat. .Mosc. ISoT. p. 3 is, de-c-ribes 

Ampyx niisntiiA Dalm.. Lonrhmlo nms nffim's Aug., and linphiopJnniis 
cimnhiy n. sp. These species are redcscribcd in Lctlwia Kossica vol. i, j). 
377. Lonrhnthnnnn njjini^ is classed under the new name of LJoiHiimtitvia 
pi. 55, fig. 1, and lluphioplnn'us cninihia is for the first time illustrated. 

1866. — Salter describes and figures Ainpy» pr^rnimtlns from the Upper 
Tremadoc in Mem. Ueol. Sur. of (ireat I^ritiaii. (^enl. .»f Nortli Wales, 
p. 321, pi. 8, fig. 5. 

1872 — Barrande, in the Snppl. Syst. Sil. Hohenie. vol. i, p. 4S. plate 
2, describes and figures Ampyx yrntns and .1. ti mllns. Ktage D-o. 

1865. — Billings, in his work on the PaI.eozoic Fossils of Canada, vol. r, 
describes and figures Ampyx htilll, A. hi rinsrn/ns, A. nnnH'ilis^ A. mfi. 
linSf and .1. si'mimsditnK.nW Lower Silurian species. 

1875. — Hicks, in the (^""rt. .lour. (ieol. Soc , London, vol. w.vi, p. 
182, plate 10. fig. 7-8, describes and figures a Lower Silurian species 
under the name of Ampyx stiJtnl. 

1878.— Haupt, in Die Fauna (irapt. (iesteines, p. 73, plate 5, fig. 7, 

describes Ampyrf iin-»'rl,Hisiifns). liaphiophmfis rnhiiiu*ifiit( Ang. 
Ampyx s[). 

1879. — Nicholson cV: Ktheridge, >Ion. Sil. I'ossils of (iir\ an District, de- 
scribe and illustrate Ampyxd.onrhiulomns) rnxtriitns Sars. Ampyx(Lniirh) 
macattnmi Salter, Ampyx f mnrrt,norhi*'i K. vS: X., Ampyx fmrnn' E. tfe N. 
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188-^-^^cJItl,•in Svenska V\»t. Aknd. llandl., vol., vi No.D, p. 12, 
l^flgW 13 aAd 14, describt's and Hguros a Lower Silurian species \ 
•'\\\^ r]aine of Amptjx pnh'r. 

.^•.•'•i688. — Marr, in the QiJ*irt. Jour. Geol. Soc. London, vol. xvii, p. 724, 
' fig. 17, describes Ampff.c {liaitlt'ntplnn'im) ahmieii^U. 

18«9.— Vogdea <& 8nflford, in the Proc. Acad. Xat. Sci., Phihi., p. 166, 
figure and descriln* a Lo\v(*rSihirian species under the name i)f Ampyx 
AmenodiniH. 



RECAPITULATION. 

Section 1, HKKvrF«o\TKs. — Glabella oval terminating in a rounded 
spine. 




Fn.. I. Atnjii/.r nmiuH Mirucu. 
[jOtVrr Sfln, {tilt Hjtrrirs: 

1. Ampyx americanus Vogdes cV Safford. 

2. " bruckneri Boll. 

3. '• costatus Boeck. 

4. * gratus Barrande. 



- I 'tH/ifi-x. 



ipyx honiei KtheridKi" A Nii-li"! 
iiminrnillHtiis l^nr». 
imdiiri JIurcli. 
prii'ii 11 otitis Snltcr. 
piiter Holm. 

Intiis Mt-Coj, 
brevinnsiitiiii lliiulti, 

S ■>. LoNrilfltOVTK-, cj|,il,i-Um. 




1. Aiiipyv? iitrtili-titiis Ante. 

'2. l{Apliio)ili(iriiK I'uliiiitiiitui' Aii^'. 

3. Itiiiiliioplionis di'|ireKSUB Aug. 

4. Aii)py\ hnlli ItilliiiKs. 

o. iiiisiiliis Haliiiiiii. 

6. " liorlliH'ki Kiirrniilli.'. 

7. l(H|iliio|ihr>riis Kcnnii'iiK Aii);. 
«. ■■ setirosiris Ati>:. 
9. Artipyv tiimidiis Kiirlit>s, 

111. " nitilFiis JtillJiiK". <p.VK'<l'uii' 

11. ■■ sf'tiiiciisluliis. (ityK'di'"" on 

12. ■■ tetrnfTDiiiis Aiift. 

13. Ilnpliii)pl>»ru>; IiiiiudiH Aii^'. i iu<t tli 



14. An.[,yx U-r 



s llnrniiidi'. 



l-IHI 



Ku|)lifoph<>r<i>' lllnllit'll«i^ .Mi.rr. 
Ifi. Ainiiyx fmi^.liiiiis Aii«. 
IT. " pi.rv,il,is l■■..rlH■^. 

18. " rouiiiilti IliirrHndf, 

to. litLpbiopliiinis (-oiiiilus Kicliwnlit, 

SRi:TION ;), Ix>M'll<)l>nM (S. uitll » !llll<' 

an eloiiKiitod |irisiiiiitii' s|>iiit'. 



104 The American (Meohnjinf, tvbniary, 18O6 




Loire r ISliftriaii «/>tr /<•••<. 

1. Lonchodoinns nHinis Aug. 

2. " carinntiis An^. 

.S. " crassirostris An^. 

4. " domntus Anj^. 

5. " j Hiatus Aug. 

6. '* macalliimi Salter. 

7. Ampyx? inacconochiei Ktherid^c i<: Nicholson. 

8. Lonchodonias rostratiis Sars. 

9. Anipyx norinalis I^illiiigs. ( Head only ; cf. Aihjh/j msf nUn sizars.} 

10. Ampyx Iji'viiisculus Billings. (ThTs isi>rolmbly (he tail of Ampifx 
roMratuii Sars. 

11. Lonchodonias lonj^irostris Kich.. cf. I., aifim'.^ Anp. 

(lenus A.MiMX, Dalnian, 1S2S. 

Ditif/unsis.- -Knim' form oval, approaching the form of a 
lozengo. Trllobation marked in all its extent : tlie head is sub- 
triangular, rarely provichMl with a limb but usually armed with 
long i)ointed spines. The glabella is generally distinctly defined 
by the dorsal furrows, which form a sali»»nt frontal lobe Ix^fore 
the contour of the cln^eks. In the section lireri/'ruHfcs the gla- 
bella is oval, terminated in front by a long pointed rounded spine 
as in Aiiipi/.r mnhis .Miirch. and A. tosttitns Hoeck, c^'c. In the 
section Jjniniifn)nti's the glabella is obtuse-obovate with an al)rupt 
spine as in Aiujh/x misntHH Dalm. In the s(»ction Lonchodomas 
the glabella is lanceolate* in form terminating in an (dogated pris- 
matic spine as in Amiti/.r mstrutnn Sars. The number of the side 
furrows on the glabella varies miu'h from three pairs as in .lw»y>y.r 
maiunnlliitu^i Sars, to two in Anifn/.i tnnhis Mundi, Ampi/x nasutus 
Dalm. These furrows appear to b(» absent in the type of the 
section LonrhtKfonnis^ Ampij.r rnxtrtitiis Sars. The summit of the 
facial sutures occupies a manrinal place and is hid under the 
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salient frontal. The faciui sutures in Ampyx nntmlti Barr, run 
from the anterior borders of the glabella in an almost straight 
line to the posterior border which the}' cut near the genal angles 
near the ends of the first pleufte; see also Ampyjr ntf^utus Dalm 
and A. domatm. In Ampi/.r ruatntnx Boeck, the facial sutures 
form a sigmodial curve cutting the anterior border about midway 
and the posterior l)order near tlie genal angles. The eyes are 
wanting. The hypostoma has not })een obsei'ved. Occipital ring 
and furrow well defined. Th(^ thorax consists of six segments in 
AmpifX uuHHtiis^ A.voHtntHs^^v. Anipij.r sttirostria^ A. pnr?ocki\ A. 
i'oumdti\ A.pai'i'ufitx and A. hit tat have only five segments. Barrande 
observes that in undeveloped specimens of Ampyx ronaidti there 
are only three or four segments in the thorax. The axis is 
always distinct; the lateral lobes form a plane surface, with hori- 
zontal pleune. They are sometimes marked with lateral rows of 
tubercles on the axis as in Am/H/.r imdiis. The pleurae are hori- 
zontal and divided by an obli(|ue furrow which extends from tlie 
dorsal furrows U) the tips: the knee occupies a place near the 
extremity, and forms a v(»ry short slope. The i)3'gidium is sub- 
triangular in outline, sometimes rounded, presenting a horizontal 
surface, with i» prominent axis. The axis of Ampyx rostratus is 
faintly segmented with a row of tubercles on each side; that of. A. 
nudus has nearly 20 articulations, and that of /I. (('h-ayoHus show» 
no articulations. The laternl lobes are generally segmented. 

North Amkrhwn Speciks. 

firirlfriniteH. 




Fui. 4. Ampyx anifriranut Voo. %V: Sak 
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AMPYX AMERICANUS Vogdes & Satford, 1HHJ>. 
I>iagnosis\ — General outline hroadly oval; glabella somewhat 
claviform. slightly convex, narrowing behind the middle and 
widening out slightl}' at its junction with the occipital ring; it is 
marked on each side by one or m«»r(» oblirjue furrows; projecting 
spine broken off in the specimen before us. The cheeks are 
broad and rounded towards the margins; genal spines broken off; 
facial sutures not observed. The thorax has six horizonUil seg- 
ments; the axis is broad anteriorlv and itradnallv diminishes 
posteriorly; it is well defined by the dorsal furrows and lateral 
nodes along its sides. The pleunv are horizontal and deeply 
grooved, terminating in obtusely pointed ends like those of Ampyx 
??Mc??/« Murch. The pygidiuni is triangular m form; the axis is 
prominent and gently tiqiering to an obtuse point on the posterior 
border; it is marked by KJ or more rings with a central row of 
nodes; the sides have only one i)air of side ribs which are deeply 
grooved outwards, cutting off the posterior part of the t^iil. 

Ocolof/iral posHlini. — TrcMiton group near Bull's (iap, on the road to 
KuBselville, Teiniessee. (-abinet of J. M. Safford. 

Affinities. — We have compared tho Teii?iesse(» speties with the 42 
known species of the genus Anipyx, and find that it differs in detail 
from all of them. The American species is of the type Ampyx nudus 
Murch and .1. roslntus J^oeck. There is a pygidiuni figured by Billings 
in Palajozoic Foss. Canada, vol. i. j). "iOo, fig. 28*5, as Ampyx IxHusculvs 
from Table Head N. F., which approaches the Tennessee species, but 
it lacks the Tuxies. 

IjoiK/ifronffii. 



fl^ 



Fio. .'>. At/ip!/.r hil'i Bill. 

AMPYX HALLI Hillings, isoi. 
/)ia</nosis. — Head somewhat triangular or semi-oval; glabella 
(^longate-oval. terminating in front with an acute spine and 
truncated lichind bv the rn^ck furrow, narrowlv convex and rather 

ft •• 

sharply carirnited along the mcMlian line, glabella furrows repre- 
sented by two obscun; indentations on each side, the [)osterior at 
a little less than one line from the neck segment, and the anterior 
about two lines: the latter consists of deep pits situated in the 
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dorsal furrows or just iii the augle formed by the junction of the 
base of the ghibella with the fixed cheeks. The neck segment is 
a flat plate inclining upwards and backwards at an angle of about 
45 degrees. The neck furrow is well defined all across the whole 
width of the head, being least distinct in passing over the pos- 
terior part of the glabella. Pygidiuni semi-oval with a flat 
border all round abruptly bent down at nearly a right angle. 
Axis conical, moderately convex extending the whole length and 
causing a slight projection in the posterior margin. Side lobes 
nearly flat, with 5 or flat ribs, each with a fine pleural grove 
extending the whole length. On the axis 10 or 12 closely 
crowded annulations occupying .'>-() the lengths; the apex being 
apparently smooth. Length of the head excluding the spine \\\ 
lines measured along the base of the glabella. 

Geological pOf:itioii. — Chazy, St. Doniiniqiie, Canada Kast, and at 
Highgate Springs, Vermont. 




■^i 






Fig. 6. A. ithncostatu* Bill. A. nonnnliM Bill. A.l'hciusculns Bii.i.. 

AMPYX NORHALIS Hilling^ 1H(>5. 

Compare Ainjn/.r Uviinncnbin Billings, tV: .1. r(fsh(ihi» Sars. 

Diagnosis. — Head, without the moval)Ie cheeks, triangular, 
the width about ^ greater than the length: fixed cheeks gently 
convex, smooth; neck segment consisting of a fiat i)late inclining 
backwards. The glabella elongate-oval, greatest width al)out 
mid-length, { narrower at the neck segment, the apex extending 
a little over the front margin of the head: the spine apparently 
equal to the whole length of the hejid. not rounded but fluted, a 
characteristic of the spine of Anipj/.r rnt<friitus. There are 2 or 
3 ovate or nearlv circular sears, one on (Mich side of the <j:Iabella 
in the posterior half. 

Of the two pygidia described from Table Head liy Hillings 
U'lder the names of Ampyx lnvluAiuhis and A. nor/nnh's^ I think 
that the pygidium of A. hfritisciihis should be conneet»Ml with the 
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^epanile heiid described as A. nunnaUa. The author remarks 
that the latter differs in being '•proportionately wider, the pos- 
terior bevelled margin thicker and the upper edge of the bevel 
rounded instead of angular," which may be due to age or other 
causes. The sides of A. ht riuacuJus are represented as quite 
smooth, but those of A. norma fix are obscurelv ribbed. 

The pygidium of Aiapyx ruxfnifuit has a broad, bevelled and 
striated limb. Axis faintlv sejrmonted with a row of nodes on 
€aeh side, with the exception of the first segment, which is dis- 
tinct. The side lobes have only one pair of anterior ribs. 

The following is the original description of the pygidium of A. 
normal is: Pygidium triangular, width twice the length, the two 
posterior sides gently convex, and the margin abruptly bent 
down or bevelle<l nearly vertically, the upper edge of the bevel 
angular and with indications of a slightly elevated linear rim; 
axis very depressed, convex or nearly flat, its width at the an- 
terior margin about ] of the whole width, extending the whole 
length or nearly so, crosseil by obscure undulating furrows. 
Side lobes ijentlv convex. 

AMPYX RUTILIUS milings, lS(!.-> 

(•onipare Anijujt miirostttlns Billings, 1865. 
Diat/unsis. — Pygidium subtriangular, length al)Out J of the 
width, nearly vertically bevelUnl behind, the upper edge of the 
bevel with an acmte linear rim. Axis cylindro-conical, strongly 
convex, ext<*nding the whole length, with about 10 rounded 
rings. Side lobes nearly flat, slightly concave near the margin, 
with !> ribs verv distinctlv iletined the whole width. Width of 
the specimen 4 lines: length H lines. 

Lofftlltif. — Four miles N. E. from Portland Creek, Newfoundland. 

Aftinitlis. — The author remarks that this species differs from Ainpyx 
st'in(c,oM<ttn:<, in having more numerous ribs which also extend the 
whole width. It occurs along with it in the same beds. 

The pygidium of Ampii.v lurinsmlns differs from that of A. iionnalis 
in having a more pronn'nent axis and a thicker posterior margin, also 
in ))eiFig prop()rtionately wider. 

AMPYX SEMICOSTATUS Billings. 
iJiaynnsia, — Pygidium sub-triangular, posterior margin broadly 
rounded, obtusely angular at the apex; length 2-5 of the width; 
axis cylindro-conical, strongly convex, extending the whole 
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length, with 5 or (I distinctly deftued rounded annuhitions: dorsal 
furrows on each side of the axis, deep and well defined. The 
side lobes are rather tumid in the middle, but concave towards 
the margin, the latter with a distinctly elevated angular rim and 
nearly vertically bevelled : there are 5 or <» ribs extending about 
half way from the margin of tlie axis. In very small specimens 
-only 2 or H are visible. 

Loraliiij. — Table Head and Pistolet bay : four miles X. K. from Port- 
iand creek, Newfoundland. 



E DITOKI Al. C( )MMETs T. 



Tkk Illinois Statk MrsKr.M. 

There is great activity in Illinois in numerous branihes of prac- 
tical geology and natural history. Not only is the Illinois Board 
of Managers of the Columbian Exposition constructing a plaster 
of paris map, moulded to show the contours of the surface, but 
preparations ai*e being made to make a complete display of the 
rocks and fossils of the state. Maps and sections showing the 
geological structure, based on a long series of studies of rock 
outcrops and of deep wells, will show the underlying geology, 
while soil and surface maps will accompany the sections, calcu- 
lated to not only exhibit the <listribution of the drift, but also 
the effect of the rockv substructure on the soils in the absence of 
the drift. A new contoured map has been nearly completed, of 
the whole state, b}- Prof. C. W. Kolfe, of the State University, 
he having spent the wlole of last season, with a large corps of 
iissistants, in topographical work. Mr. Lindahl, assisted in one 
direction by Mr. Frank Leverett, and in another by Mr. E. O. 
IJlrich, has had the responsible charge of the geological exhibit. 
He has fortunately gathered, during the last four years, a large 
addition to the available data for a practical study of the rocks 
of the state, supplementing and extending the paleontological re- 
searches of Prof. Worthen by stratigraphic measurements and 
actual sections in the field. Never before this gathering of the 
data of deep wells was it possible to construct profile sections 
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acroHs the state* with sucli accuracv. The Worthen collection, 
now catalogiuMl in the Museum, numlxTs 2,S79 entries, and the 
total entries reach ]S,507. an incn^ase. during the past four 
years, of 11,558. Numerous duplicate specimens have been as- 
sorted for distribution to the schools of the state. The library, 
wholly built up since Prof. Worlhen's death, contains about 2,000 
volumes, and as many pamphlets. In the records of the office 
are 400 logs of Ixa-ings and shafts, with c(»llateral informa- 
tion. 

This growth, which entails a vast correspondence. an»l which is 
necessarily a growth that must go on, under the intelligent guid- 
ance and watchful inspection of one mind, during a series of 
years, cannot fail to be very useful to the State in the near future, 
if it is pro[)erly husbanded and mastered by comparative studies. 
It is evident that it cannot be easily picked up by any new man. 
It is a misfortune when from anv cause such a chain of research 

• 

is broken by change in the incumbency of the responsible posi- 
tion of state gcM>logist. (Jeological science is, in its nature, nec- 
essarily x\ thing of slow progress, and it has sutfered many losses- 
and serious checks by the suicuhil etforts of politicians to scatter 
the emoluments of partisan politics among their friends. The- 
governor s chair can be emptied and filled annually, or semi-an- 
nually, by successive incumbents, and the state will not suffer,, 
but the work of a geological bureau is connected and cumulative,, 
and valual)le onlv as its <lnta are wiselv collected and concen- 
trated from the experience of several years, under the systematic 
plans of the same incumbent. This was perfectly illustrated by 
the hmg service of Worthen. in his persevering paleontological 
labors, and is again by thnt of Liiidahl in his extensive stnitigraph- 
ical and economic studies. Would that (»verv State hnd the wis- 
dom that is shown bv Illinois in this work. 

So.MK HkCKNT (^KITICIS.M. 



The .soniewhtit acrimonious assault upon Prof. G. F. Wright's- 
late volume entitled **Man and the (rlacial Period' has in some 
points excecthMl the due bounds of scientific criticism if not those 
of courtesv. It is to be regretted that the revit'wer should be 
lost in the assailant or that the pursuit of truth should ))e subor- 
dinated, or even seem to be sul»ordinated, to the desire of personal 
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distinction. Still more regrettable is it wlien :i controversy on a 
scientific subject betrays the wish to lowt»r one t»arnest worker in 
public esteem in order to extol another. Then^ is in the field 
ample room for all and no monopoly or -'eomering' of any part 
of it can be for a moment recognized. 

These remarks are called forth bv tlH» tone of the discnssi<^»n al- 
luded to above, at least as conducted by some disputants of the 
one party. It may be that the inevitable infiTcnces which the 
ordinary reader can scarcel}' fail to draw from tlie expressions of 
Prof. Wright's assailants are unintended and unjustificMl. Tn that 
case we can only regret that the* writers were not more guaitled 
and more temperate in their language for they have exposed them- 
selves to the seyere counter-criticism that their objections have 
rather the authoritative tone of the ecclesiastical controversialist 
than that of the scientific investigator. 

The chapter of Prof. Wrights l>ook which has callcMl forth 
the severest remarks is that on **The Relics of Man in the (Hacial 
Era.'* In this Prof. W. brieflv mentions the leading instances 
that have been adduced of the discoverv of human works and re- 
mains under strata consi<lered of glacial <hite or in othei-s ascribed 
to pre-glac»ial time. 

Omitting the insUmces quoted from Kurope to which no objec- 
tion has been raised those from America are as follows: The well 
known *'finds" of Dr. Abl>ott at Trenton, N. J., those of Dr. 
Metz at Madisonville, (). , that of Mr. Cresson. in Jackson county, 
Ind., and of Mr. Mills at Newcomerstown, ()., those of Prof. 
Winchell and Miss Habbitt of Minnesota, the second find of Mr. 
Cresson at CMaymont, Del., the various discoveries on the Pacific 
coast made known by Prof. Whitney and Mr. Becker, and lastly 
the now familiar **Nampa Image' from Idaho. 

In setting forth these examples Prof. W. of course relies on 
the evidence presented by^ their ditferent authoi*s. No other 
coarse was open to him. They nre (]uoted with the caution due 
to their rarity and significance though tlu^ cumulative value of the 
evidence is commented on. The wholesale rejection of this evi- 
dence by some of Prof. W.'s critics means the condemnation of 
witnesses such as Whitney. Abbott. Metz, Cresson, Winchell 
(N. H.), Upham, Shaler, etc. This should not be lightly don*'. 
The testimony even of careful onlinary observers to facts may 
need confirmation but must not be cont<'mptuously waived nsidc. 
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Derogatory remarks as to competency are quite out of place in 
connection with such names as those aliove quoted. 

We do not propose here and now to enter on a discussion of 
glacial man. It woul<l exceed our due limits in an article of this 
kind. We will at present content ourselves with a protest against 
the tone adopted l)y some of the critics and the air of assumption 
and of superiority that pervades their remarks. Both are emi- 
nently unbecoming to scientific literature and derogatory of the 
dignity of science.. We may add that they are in striking con- 
trast to the modesty and caution of the replies. 

To pick out what is admittediv and nccessarilv the weakest 
part of a hook for destructive criticism, omitting all its excellencies, 
is hardiv the work of a reviewer while the insinuation of disin- 
genuousness is equally unworthy of a critic. The scope and tone 
of some of the articles must, whether justly or unjustly we can- 
not say, awaken in the minds of many readers the suspicion 
of an ulterior or piMsonal motive. This is dwph' to be re- 
gretted. 

We will add but a few words. (Granting that all these (quoted 
ouses fjul, as of course they do, to inorr the presence of man in 
America during the Ice- Age they must be admitted by impartial 
judges to tend in that direction, for it is impossible to admit that 
they are all and altogether fallacious. Only by the accumulation 
of such proof can we expect to est^iblish the position. Abso- 
lutely conclusive single instances are not probable. Why then 
should so great anxiety be manifested to break down the testi- 
monv in their favor? No reasonable doubt can now be enter- 

ft ■ 

tained that man was coeval with the ice in some part of the world 
an<l no evolutionist can well atford to date his first appearance 
later than the Ice- Age. It is somewhat diflficult therefore to dis- 
cover the motive that has led to so violent an attack on a work 
which after all merely summarizes with caution the evidence as it 
stands and draws a qualified conclusion from it. Strange indeed 
is it to see the theologian in the van of the evolutionary 
army with the geologist and the archaeologist lingering in the 
r(»ar. 

In the March number of the Gkommjist we shall gather to- 
gether the opinions of a number of American geologists so as to 
present a sort of symposium on this subject. 
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Final GcohHjicdl llfport (tj the Avtesimi nnd I'mivnjromnl Jnnstiijntiim,^ 
betWi'f'u the niiu'tf/sarenth tneriitian of lontjitmff awt the foot-hUls of thf 
kockij Mouutiiins. To the Secretary of Agriculture, made !)y Vnov. 
KoBT. Hay, F. G. S. A., Part Third, WashiiiKton, 1892. 

The above titled report so far as relates to Texas, is based upon 
the observations of Mr. Hay during a brief railroad trip through the 
Panhandle of Texas in company with Prof. Kobt. T. Hill, who signs 
himself Assistant < urologist for Texas, New Mexico and Indian Terri- 
tory. 

8uch reports, to be of importance, must i)e based upon careful ob- 
servations and correct determinations of the geological structure of 
the area covered by the report; and unless such is the case, the 
guesses of one man as to its artesian water [X)ssibilities, will be as 
good as those of another. Not only is it necessary to have a 
knowledge of the geology of the country, but the course and rate of 
the dip of the strata and of th<f surface must be correctly determined, 
if areas are to be pointed out where artesian water will flow. If an 
observer makes a mistake in regard ro a receiving area, that mistake 
will follow his conclusions throughout the entire ar<'a under which 
the strata are supposed to lie. If there be a mistake as to the course 
and rate of the dip of the water bearing beds, iIk^ result will be mis- 
takes in the fact and extent of the area of possible flowing wells. 

It is utterly impossible for a person to study the geology of a coun- 
try by traveling over it in a railway train and simply stopping off at 
some of the principal stations; and reports based upon such observa- 
tions are more than liable to be erroneous. It is not the amount of 
travel that a person accomplishes over a district that makes him a 
geologist, or that enables him to correctly determine its geological 
conditions. That the geology of a country cannot bo studied in such 
manner is well illustrated in the rei)ort under revicnv. 

Mr. Hay came to the Panhandle of Texas, and made reccoiuioi?- 
ances with Prof. Hill, as he tells us, and with no more infor?nation 
than he obtained from such hasty examination, writes his report of 
that part of the district. The mistakes he has made in the small 
space allotted to Texas are of such a character that one would think 
that h*e. had never been in the district at all. 

Would a man who knew anything, from personal observations or 
otherwise, about the head of Ked river of Texas ever make it tlow 
through Canon Blanco, when l>lanco is the canon through which the 
Salt fork of the Brazos flows? Palo Duro is the canon of Ked river. 

On page 13 of the report, in speaking of the mountain source of 
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rivers, iiftvr having mentioned other localities outside of Texas, he 
says, •* So the l*ecos and Red rivers are cut off from montanal connec- 
tion by the higher valleys of the Canadian and Rio Grande. Other 
rivers of Texas are seen to have similar origin, though some have 
what might be called a mountain supply, as they rise near the isolated 
mountain groups of the Sierra Hlanca and Wichita mountains." 

The question would naturally arise, does a man know enough al)out 
a country to venture to write a rep<»rt about its artesian water supply, 
who makes such glaring mistakes as to put the Rio Grande between 
the mountains and the Pecos river; or who will have any of the 
rivers of Texas getting their supply of water from the Wichita mount- 
ains, which are on the north side <»f Red river, and east of the east 
line of the Texas Panhandle; or who will have any river getting a 
supply from Sierra Blanca when there is no water there for any pur- 
pose, the nearest supply being the Rio Grande? Even the party of 
the Stat(» (ieological Survey had to be supplied with water left for 
them by railroad otticials along the line of the railroad during the 
time the party was working in that district. 

Mr. Hay also mak(>s the Rrazos river a tributary of the *' Father of 
waters." (See page 15.) 

It will be found upon examination, that he knows as little of the 
geology of North Texas as he does of its physical geography. 

He begins by saying (page 9): The strata in the earth's crust 
that it is necessary to know the names of in this investigation are 
arranged as groups and sub-groups as follows: 

( -eno'/oic : Mesozoic — Continued, 

(^uarternary or lMeistoce?ie: Trinity. 

Drift. .lurassic. 

Loess. Triassic. 

Tertiary: Paleozoic: 

Pliocene. ( 'arboniferous including Permian. 

Miocene. Devonian. 

Eocene. Silurian. 

Mesozoic : ( 'ambrian. 

( -retaceous : -Vrchaean : 

Laramie. Schists. 

^lontana. Gneiss. 

(.•olorado. (Granite. 

Dakota. 

The arrangenipnl of the table as printed would lead to the infer- 
ence that he knew nothing of the recognized value of the term group, 
since in it he makes the Tertiary system of equal value with the 
(^enozoic group of which it forms a part and puts the Trinity division 
of the Cretaceous system on equality with such systems as tlie Creta- 
ceous. Jurassic and Triassic. 

The further statement on the same page that ** the left hand column 
has its terms based ujion the remains of life, fossils found in the 
rocks," is simply ridiculous, if originally intended to apply to this 
tnbh'. 
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His whole trt^atfiientof it is such as to lead iMily t<)('onfiisioii,an(i the 
•use of these terms in such an indiscriminate manner at least suggests 
the inability of the author to give exact information upon the subject 
of which he is writing. 

On page 2t), he makes this statement : " South of the Arkansas the 
Dakota sandstones and shales are immediately subjacent to the grit 
and further soutli still the Jurassic [or the Neocomian] is in that 
position, while further east of the Jurassic is mostly missing as in the 
valleys of the Canadian and Ked rivers east of the one-hundreth 
meridian and the Triassic red beds ar<» found there immediately 
under the Tertiaries." 

Does he. or his editor for him, intend, by inchiding the words " or 
the Xeocomian " in brackets, just after the word ** Jurassic " to give 
us to understand he puts the Jurassic in the Neocomian, or is he un- 
decided to which it belongs? It would puzzle him very much to find 
a place in Texas east of the cme-hundreth meridian wher»» the .hiras- 
sic was not entirely missing. 

He continues, " On the high phiin of West Texas — Tlie Lhmo Ksta- 
cado — the Red river has cut a gash l,0()l) feet deep which shows this 
descending order of formations: 

Plains Marl, 
Tertiary Grit, 
Jurassic. 
Triassic." 

We cannot exactly locate the i>lace of his section, as the deepest 
place on the Palo Duro canon is only nine hundred feet, and decreases 
from that to four hundred, so the i)lace cannot be determined by the 
depth given. Nor is there any such succession of strata as he men- 
tions, to be found anywhere along the canon of Ked river. I have 
gone up the canon from mouth to head and made nuiny dozens of 
sections and many measurements of the depth of the canon, and I 
can say with absolutely certainty that there is no such succession of 
strata to be found there. 

At the mouth of the canon there is a sect ion showing two hundred 
feet of Tertiary, three hundred feet of Triassic, and the <»ther four 
hundred feet of Permian. There is not a foot of Jurassic in the 
canon ; and for that matter in that part of the state. 

The age of the Trinity sands is unsettled, or was at the time when 
this report was written, and it might have been thouglit that lu* was 
calling the Trinity sands "Jurassic,'' but he has taken care that we 
shall not so understand him, for in the section he gave us he men- 
tions both the Trinity sands and the Jurassic (see })ag«' \\ of his re- 
port). But admitting that in his cumbersome and random way of 
expressing himself he might have meant the Trinity sands when he 
said in the paragraph last (juoted, Jurassic, (or the Xe<K'omian] it 
would leave the matter in no better cimdition. for there is not a 
single outcrop of the Trinity sands from th(» Doubh* Mountain fork 
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<»f the Bra/.os river nortliward along tlie eastern escarpment of the 
Staked plains to their northeast corner, nor along the north escarp- 
ment of the Plains westward to the west line of Texas, nor along any 
of the canons of the upper Red river. The question therefore natur- 
ally suggests itself, was Mr. Hay ever at the " gash " of which he 
speaks, and if so, does he know Jurassic when he sees it? lie cer- 
tainly did not get his information from Prof. Hill, for the latter says 
in his report in one place, that the plains material in that part of the 
state rests on the Triassic. He is probably aware of the fact that 
nearly every geologist, since Marcou first determined it in 1853, has 
put the lower red beds of Texas in the Permian. 

He does not attempt to' tell us whether there is an artesian water 
area in the Panhandle of Texas or not, but it is probable that he does 
not think there is, as he has cut off that region from mountain supply 
by having (he Kio (Trande run between the Pecos and the mountains. 

He says on page 38. in speaking of the underflow of water, that 
"Mr. Hill has accounted for the .source of water of the great springs of 
Texa^s without recourse to the distant mountains." That is only cor- 
rect in })art. for there are numerous large springs in Texas that can 
only be accounted for by having " recourse to the distant mountains." 
Such are the large springs in Lampasas and San Saba counties whose 
water reaches the surface through tlie Carboniferous and Silurian 
strata. Mr. Hill mentioned Lampasas s})rings but did not attempt 
to give the probable source of the water, nor does he attempt to 
account for the origin of the water of any of the large springs of Snn 
Saba county. 

()pposit(^ page 37 he gives Section XX showing a synclinal or (rough, 
in which are the outlines of an ideal artesian basin, as though such a 
condition existed. He says, "the conditions as shown by figure XX 
are almost th(»se that would be found by a carefully made diagram 
of the actual levels and stratifications from the Black Hills to the 
James river, and across the region of the Fort Worth-Waco basin of 
Texas, as well as other regions of approved artesian water supply." 

Instead of the Fort Worth- Waco area being a basin, it is simply a 
series of water bearing strata that have a regular dip from the north- 
west, and is not a basin in any sense of the word. Had ^[r. Hay 
known anything about the matter, he would never have said it was 
similar to his ideal basin. He seems to have read Hill's report to 
very little advantage. 

In Mr. Hay's part of the report, there are in isolated paragraphs less 
than three pages altogether on the Texas area, and the reference is 
rather incidental than otherwise, and yet there is in these references 
such an array of ignorance of the matter of which he is trying to 
write, whether it be of fact or of conclusion, that his report for practi- 
cal purposes is absolutely worthless. 

1 have called attention to that part of the report that refers to 
Texas, for the reason that I am personally familiar with a large part 
of its territory and can speak from personal knowledge. If the restof 
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^[r. Hay's report is as full of mistakes as is that which refers to Texas, 
it might with propriety be called, "A Comedy of Errors," were it not 
for the fact that it is too flat to !)e comical. 

Tilt' St'nmtl VuUhiu' of fhe rimil Ri'inn't of the Scroinl (rt'itloificul 
Sunrif itf Pt'iinittflnniin. .1. I*. Lk.s[.ky. No geologist has a more inti- 
mate or perfect acfiuaintance with the structure of the Keystone 
state than he wlio has been for so many years at the head of the second 
geological survey. Professor Lesley's connection with the first survey, 
by Kogers,more than forty years ago and his conduct of the present, 
together with many years of professional work as a mining and geoh>gi- 
cal engineer, have rendered his knowledge both accurate and minute. 
It is with pleasure therefore, that we welcome this second volume of 
his final report summarizing the results obtained in the Systems V to 
IX in the first survey, or those contained between the (-linton and 
the C-atskill inclusive, of the New York system. The presentation of 
these results in brief and in a manageable form is as great a boon to 
geoh)gists as was the publication some years ago of the hand atlas of 
Pennsylvania, containing small geologically colored maps of everj- 
county in the state. It is absolutely impossible that outsiders, to say 
the lea^t, can grasp the extent and amount of the work unless it is 
laid before them in some such condensed form as this. Life is too 
short to allow any one to wade through the hundred and odd volumes 
already issued by the second survey, in search of what lie may never 
find, and the thanks of all are due to professor Lesh»y for both his 
condensations. 

Of course the nuiterials have been almost e?Jtirely drawn from the 
separate reports on the counties already issued and mainly from those 
of professor I. (^ White and professor E. W. Claypole which are in 
great part concerned with the particular formations that form tlie 
subjects of this volume. 

We do not projiose here to criticize the work at any great lengtii or 
to follow it far into detail. Space will not allow this. Nor do we pro- 
pose to criticize the plan, which is the same as that of the first vol- 
ume. The various fornuitions are followed over so mucli of the state 
as they cover and the details of their structure set forth. Per- 
haps in the circumstances no other plan would be any l>etrer. if so 
good. 

The labor of thus reducing and condensing the results of tlie sur- 
veyors can only be realized by those who have undertaken similar 
tasks. Equally surprising is the rapidity witli which thr second 
volume has followed the first Let us ln)pe that the health and 
working strength of the author will at least permit him to complete 
the tliird and final volume of his life's work. 

Professor l^esley's training naturally inclined him to look njost 
favorably on the structural side of geology and he has often shown 
undue distrust of the results of paljeontology. Hut in this and the 
preceding volume he has laid due stress on this part of the subject 
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and page after page of figures illustrate fairly and often distinctly 
the fossils of the Pennsylvanian rocks. In this respect the work is 
far superior to the author's "Dictionary of Fossils." 

This report is a perfect mine of valuable information to all who 
need it, whether geologists or not ; while the numerous references 
enable all who desire them to turn to original authorities for the 
details. 

It is much to be regretted that in most of the state reports the 
"exigencies of the printing otlice" so often prevent accurate and 
careful publication. In thus writing we formulate no new complaint. 
The fact is notorious and patent. Often detained by the state 
printer till a more convenient season and then hurried through be- 
fore the next busy time arrives, there is no opportunity for full cor- 
rection of errors and for emendation to date of issue. It is conse- 
quently not always just to the author to blame hin> for either kind of 
fault. The i)resent work is no exception to this rule, and the greater 
part of the errors and the many misprints may fairly be set down to 
the causes above mentioned. Hut there are some for which the 
author must be accountable. For example, the statement on p. 881 
is only partially correct regarding Pslloijhyloii and is quite incor- 
rect regarding (ihipt(uU'inlroii which was not described by Dawson, 
or from the Niagara, or fnmi Canada. Numerous inaccuracies also 
occur in the account of the fossils of the Salina group. On p. 770 
Scaphaspis is mentioned as a genus. It is the ventral armour of one 
or othei of the genera mentioned in the same sentence. Ph'rtrodtiSf 
SphoffOihis, and Thchnhts (vvitli a Sraphodns'.^ ) are written down as 
teeth. A wrong etymology is assigned to (hirhn.'<. On p. 772. — No fos- 
sils have been found in the Bridgeport sandstone Some other similar 
errors might be noted whicli one cannot but regret. 

For the work as a whole however, we have little but praise and not 
the least valuable feature is the great abundance of the illustra- 
tions. 

Sur In i/rr}<('ncr ilc Joxfiihs 'Inns Ic ft'rmin (Coitfnr ih' IhrUnjHr. i5y M. 
(•iiAKLKs Hakkois. { Comi)tes Uendus,T. cxv, No.G, pp. .*VJ()-828, Aug. 8r 
1892.) The high authority of M. Barrois (of the geological survey of 
France and }>rofessor of geology in the University of Lille) and his 
reputation for cautiousness make this communication of especial 
interest and importance. He has found Kadiolarian remains in some 
of the pre-Cambrain crystallines of France. The beds containing 
these fossils are thin layers of graphite-bearing (juartzyte, which are 
intimately interbedded with gneisses. Tlie tiuartzyte consists of 
(juartz grains and graphite plates with some pyrite and feldspars. On 
microscopic examination. of thin sections of the (juartzyte small circu- 
lar or peculiarly outlined bodies were seen among the grains of quartz 
and graphite. These were found to l)e the remains of Kadiolarians 
very similar to those occurring in certain graptolite schists of 
Hretagne. They have been subjected to the examination of M. 
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Cayeux, who pronounces them to be Radiolarians which belong to 
the Monospha>riclie, the most primitive forms of the j^roup. These 
fossils, says ^l. Barrois, are the most ancient organic remains found 
in France and probably in the world. The highly metamorphosed 
character of the ciuartzyte, in which the fossils are found, and of the 
associated gneisses is due, at least in part, to intrusions of granite. 
These rocks belong to a series of more or less crystalline schists 
which are pre-Cambrian in age (/. <. corresponding to our Ontarian), 
but they overlie the fundamental complex of granites and gneisses 
(Laurentian). 

The Champtain Sulfur rf/ntcr. By Wakukn Upham. Bulletin, G. S. 
A., vol. Ill, pp. 508-511. Marine fossils in beds overlying the glacial 
drift show that the northeastern part of North America stood lower 
than now during the CJhamplain epoch, or time of departure of the 
last ice-sheet. The depression was little at Boston, increasing to 
about 300 feet along the coast of Maine and southern New Brunswick, 
520 feet at ]N[ontreal, 300 to 5(K) feet southwest of James bay, and 1,000 
to 2,000 feet in northern Greenland and Grinnell land. From the 
Champlain submergence the land was raised somewhat higher than 
now, and its latest movement from New Jersey to southern (Greenland 
has been a moderate depression, attested in numy places by stumps 
of forests, rooted where they grew, and by peat beds now submerged 
by the sea. The vertical extent of this recent sinking has l)een at 
least 80 feet at the head of the bay of Fundy. 

Similarly in Scandinavia the observations of Baron de Geer prove 
for that country a depression with maximum of probably 1,000 feet 
near the center of the peninsula, while the land was enveloped by the 
ice-sheet ; a postglacial re-elevation to a hight in some tracts of about 
100 feet above that of the present time ; a second subsidence of the 
country, less than the first; and a second uplifting, which 's now 
slowly in progress. The author concludes that "so extensive agree- 
ment on opposite sides of the Atlantic in the oscillations of the land 
while it was ice-covered, and since the dei)arture of the ice-sheets,. 
has probably resulted from similar causes, namely, the pressure of the 
ice-weight and the resilience of the earth's crust when it was unbur« 
dened. The restoration of isostatic e(|uilibrium in each country is 
attended by minor oscillations, the conditions recjuisite for repose be« 
ing over-passed by the early re-elovation of outer portions of each of 
these great glaciated areas." 

Xotc (HI the Mifhfhton forniafiint of' Ti'mnsscr. Mlssisi</jtjn'.aiHf Alahama. 

By Jamks M. Saffohi). Bulletin, (i. S. A., vol. iii. pp. oil, .512. This 
formation, named with the concurrence of Trofs. K. \V. Ililgard and 
E. A. Smith, comprises the lowest Eocene beds in the states 
mentioned. It is named for the town of ^liddleton. on the Memj)his 
and Charleston railroad in Hardeman county, Tennessee. 
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Philliigi'iiij iff thr HiujnhiirH. Mmk. 1*avi.o\v, (Bull. Soc. Iinpe. (1. Nat. 
^loscou, 6, p. 14fi, 3 plates), ii) her present paper, seems to have fallen 
into error, especially in her attempt to trace the living Malayan Rhi- 
noceros down througli U. ktirmillfnsls and H. decfitutfUHix of the 
PleistcK'ene of the Indian ])eninsula. These latter were devoid of 
cutting teetli. A table is given in which it appears that the deriva- 
tion of the Jihinoceros is from the ** .S/Z^^'mo^/o/i" of North America, 
However, while there are some errors, this writer's memoirs furnish 
food for some very deep thought, and many of her studies are of much 
value. 

"O// a serlrM ttf Ptrrdiar Schlsfs tnar Snllthi^ ('ttl^ Mh. Wuitma.n 
Ckoss, in his paper before the Col. Sci. Soc, Jan. 2, 1893, gives some 
int^»resting facts regarding the crystalline schists of the Kocky moun- 
tains, and announces this as a preliminary paper. lie first describes 
the geology of the region and points out the fact that a previous 
study of the region by Or. F. ^I. Kudlich is almost entirely incorrect, 
and this is well supported by Mr. Cross' observations. The strati- 
graphy and general characters of the sclnstose series are then de- 
scribed and lie finds that in passing northward the schist^^se clmrac- 
ters become more marked. The chlorite schist at this locality has 
furnished the enormous dodecahedral garnets now so common in 
collections. Then follows a brief discussion on the origin of the 
schists, and the relationships of the series, in which he announces 
that metamorphosed sedimentary rocks do not exist among the crys- 
talline schists of Colorado ; and finally concludes that the schists and 
massive rocks of Salida "represent a great series of surface lavas 
erupted in Algonkian time." They thus repeat, apparently, the erup- 
tive phases of the Nipigon series of the lake Superior region, and fall 
into the same stratigraphic position. 

PaJiPfuhr cinhdi'iH ilall. By A. II. C<h.k. Bulletin, (t. S. A., vol. iir, 
pp. 512-514, with plate. This species, first descril>ed twenty-five years 
ago, is now more accurately known by a very finely preserved speci- 
men found in July, 1801, in the Hamilton shales of the quarry belong- 
ing to Colgate university at Hamilton, N. Y. 

(Irnhamiti' in IWas. Mk. E. T. Di mulk (Am. Inst. M. E's,Oct. 1892) 
describes some occurrences of this carbon. There are two localities, 
.both in the Tertiary ; the first at AVebb BlufT, Webb Co., where it oc- 
curs in the Kocene, associated with gypsum and efflorescent sulphur; 
.the second locality, in Fayette Co., where the grahamite occurs on 
Buckner's and OM^uinn's creeks, in connection with brown-coal. 
Analyses are given, which indicate a very high percentage of sul- 
j)hur. 
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SoMK <)K I*UOF. SaIJSIUHV's (^KITIOISMS ON "MaN ANI> THK (tLACI \T^ 

1*kri(>d/' — I Jim indebted to l*rof. Salisbury for kindly pointing out 
several errors of more or less iniportance in my recent volume on- 
"Man and the (ilacial Period;" but so many of his criticisms are 
merely' confident assertions of unproven points, that they should not 
all be allowed to pass without some notice. I will, however, limit 
myself to traversing only a few of his misplaced criticisms. 

1st. lie says (p. 14) that I should have em})liasi/,ed more than 1 
did, the separation, indicated upon my maj) w(»st of Pennsylvannu l)e- 
tween the extremt* border of the glacial drift and the morainic accu- 
mulations, which he declares to be a m()st significant point. <>n the 
contrary, I maintain that it is beciuning more nnd more evid(MJt that 
Pn>f. Salisbury enormously exaggerates tlie importance of that dis- 
tinction. Now that ^Ir. Levcrett has brought the moraines of Ohio 
close down tt) my !)order line, and that we have given ch)ser attention 
t-t) the so-called "fringe" or "attiMiuated border.*' in eastern IVmisylva- 
nia and in New Jersey, it is becoming more and more evident that the 
fringe is but an appendage of the terminal moraine. T.lie fundamental 
errors of I*rof. Salisbury's report upon ** The Kxtra-Morainic (ilacial 
Drift of New Jersey" (see An. Kej). for ISOI. pp. 102, InS). were pretty 
clearly shown in the article by Prof. .\. A. Wright in the AMKurcAX 
Oeoumust for October, pp. 2()7-*Jbi. Tliese will ai)i)ear in still ch^arer 
light upon the full publication of my own ob^<ervations in connection 
with my as.stH'iate. 

Prof. Salisbury, in di.scussing the extra-morainic drift in New Jer- 
sey, has, beyond all cjuestion, failed to distinguish betw«'en the elfects 
of the secuUir disintegration of gneissoid rock> and the post-glacial 
oxidation of morainic nuilerial. and. so far as I could find, he has 
failed to make any systematic attempt to determine th»» limirs of the 
attenuated border of glacial dt^posirs in tin* stale, rollowing out the 
im|>erfectly formed plans of Prof. Lewi> and myself, 1 have already 
determined this nearly half way across the >lal«'. nnd can s|)eak with 
l^reat i)ositivene.<s «s to the fact that the problem in New Jersey is 
not essentially diflferent from the problem in Ohio, and that the great 
significance which Prof. Salisbury attributt's to it in proof of his the- 
ory <»f two glacial epcK'hs is without foundation. 

2d. In my paragraphs upon drumlins, alluded to by Prof. Salisbury, 
I am expressly giving **the |)lausible explanation" of them presented 
by Prof. l)avis. The view which Prof. Salisbury eombals is one to 
which Prof. l)avis gives his positive assmt in hisconchuling sentence : 
•• Under unending glaciation, the whole surface inust l»e rubbed down 
siiio<nh." It would seem scarc(»ly necessary to explain to Mr. Salis- 
bury that the processes of accumulation and of degradatiofi by both 
rivers and glaciers may be going on continuously in closely adjacent 
areas. Which shall predominate at any point depend> largely u|)ou 
the amount of material at command of the moving current. 
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;M. Prof. Salisbury's paragraph concerning my position upon the 
unity of tlie ghioial epoch is ill considered and misleading. He says 
that I should have indicat<?d that my view is that of the minority. I 
«m at a loss to know how \ could have expressed that idea more 
clearly than I have done on i)age 110, in introducing my formal discus- 
sion of the subject, where all I claim is that, notwithstanding the po- 
sition of I*res. ( 'hamberlin and many others, the theory of the unity 
of the glacial epoch *' is capable of being maintained without for- 
feiting one's rights to the respect of his fellow geologists." As to 
what is tjie actual trend of sentiment, there is, however, much room 
for ditTer(?nce of o|)iTM'()n. One need not be ashamed to be in company 
with such authorities upon glacial subjects as Dana, Hitchcock, Up- 
ham,FaIsan. Prestwich. Kendall. T.amplugh, Hughes, Holtz, Credner, 
Diener, Xikitin, and numerous others. It is sigiu'ficant that Nikitin, 
lit the head of the geological survey of Hussia, has just i)ublished a 
long paper in which he maintains that the glacial deposits of that 
region give* no evidence of more than on(» epoch. 

4th. Prof. Salisbury says that I maintain that oceanic waters 
^•probably" n^ached southern Illinois and Indiana. What I said was 
that *'it is perhaps necessary to suppose." If Prof. Salisbury thinks 
that means probably, he is welcome to the opinion. 

5th. I will say but a few words concerning the Cincinnati ice-dam. 
I have taken pains to give my readers the information that upon this 
point there are dilTerences of opinion, and that Prof. Chamberlin is 
opposed to my view. 

Whether Prof. ( 'hamberlin's strictures u|K)n this theory, in his intro- 
duction to my report upon the subject, in Hulletin 58 of the United 
States (ieological Survey, contain the final word upon the subject 
may he a fair (piestion of doubt. At any rate, I have- not been 
ashamed to have the two documents circulated together ; for, to men- 
tion <»nly two points in his introduction, we find Prof. C.'hamberlin 
admitting that "the ice-sheet j>robably pushed across the river, and 
landed the bouldery drift .south of it essentially in its present posi- 
tion.'' Xow,th<' Canadian boulder, of which T give an illustration on 
page G:^, is three feet and a half in diameter ujmn a hight of land fully 
six miles south of the river at its nearest point. How Prof. Chamber- 
lin could maintain, as he does, p. IS, that the jjonded water of the 
upper Ohio would probably lift "bodily'* the massof ice which carried 
these glacial dei)osits so far south of the river is more than I could 
ever untlerstand. for the specific gravity of ice is such that seven or 
eight leet will remain under water when one is above. To have 
carried the glacial nuiterial into Kentucky as far as has been done by 
so thill a })i(»ce of ice that 500 feet of water would tloat it, is well-nigh 
an absurdity. 

As to other portions of his introduction, it is sutlicient to say that 
doubtless nuuiy things were at first attributed to this probable ice- 
dam which mustb(» explained by other causes. But that Prof. Cham- 
berlin has exjilained </// the facts away is by no means so clear. In 



CnrreHpoiidence, 1 23 

the first place, it should be noted, that the upper Ohio and its tribu- 
taries occupy a vast area, and present a very complicated set of phe- 
nomena. Toward the exploration of this region and the untangling 
of these phenomena Vrof. C'hamberlin tells us (p. 22) that he spent 
twenty days. But. sof'ondly, to say nothing of the far longer time 
which I have spent in the study of the phenomena. Prof. I. C. White, 
a geologist of the highest ability, who has spent his life in that region, 
and surveyed it most carefully, still maintains with great confidence 
that Prof. Chamberlin's explanation is utterly inadequate to account 
for all the facts. It should !)e added, however, that Prof. White's own 
mind has betMi wavering between the explanation afforded by the 
Cincinnati ice-dam (to which he at h'rst gave his unqualified adhesion), 
and that afforded by a supposed extensive subsidence during the 
(yhamplain epoch (see Hull, of (teol. Soc. of America, vol. i, pp. 477- 
479). 

In view of these facts, and with additional evidence which 1 have 
recently collected, the ( 'incinnati ice-dam is an hypothesis which still 
gives fair pronn'se of solving many of the geological anomalies in the 
Quaternary deposits of the upper Ohio valley. 

6th. I am sorry to have misrepresented. Prof. C/hamberlin's posi- 
tion with reference to the wanderings of the north pole ; but in this I 
must in part lay the blame upon the Ameiuc.^n GKoLociisT, of which 
Prof. Salisbury was at the time editor, which thus reported Prof. 
<-hamberlin's paper: "Prof. T. V. Ohamberlin, in the afternoon, sum- 
marized the standing of several of the theories which have been sug- 
gested to explain the occurrence of the Ice age. After stating that 
the hy|)othesis of ('roll now fails to account for the phenomena, at 
least on this continent, he hastily sketched the theory of elevation as 
the cause of the cold, and offered as in his view most probable a 
change of the axis of the earth's rotation" (see A.mkkkwn (tkoiaxjist, 
Sept., 1891, p. 195). This was repeated in a fuller report in the Octo- 
ber number, p. 237. 

7th. Finally, in respect to the occurrence in America of palaeolithic 
implements in undisturbed gravel strata of glacial age, 
it is proper that I should here give a more detailed statement 
than I have elsewhere done. At the outset I may premise that the 
apparent monopoly of this evidence by Prof. Putnam and his associates 
in the Peabody Museum at C.ambridge, ^lass., lias come about by a 
legitimate and natural process, which at the same time has probably 
interfered, to a considerable extent, with the general spread of the 
specific information in hand. Karly in the investigations of Dr. Ab- 
bott, at Trenton, N. J., professor Putnam, who had lately become 
curator of the nuiseum, with its large fund for prosecuting investiga- 
tions, satisfied himself of the genuineness of Dr. Abbott's discoveries, 
and at once retained him as an assistant in the work of the museum ; 
thus diverting to Cambridge all his discoveries at Trenton. Living 
on the ground during long-continued and extensive excavations made 
by the railroad. Dr. Abbott's opportunities were exceptionally favor- 
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able for mnking discoveries, and hence his own prominence in the 
whole matter. 

It is important, however, to note that before taking up with Dr. 
Abbott's work, professor Putnam took ample pains to satisfy himself 
of its character and correctness. In 1878 Prof .f. 1). Whitney visited 
Trenton in company with Mr. (-arr, assistant curator of the museum. 
In the twelfth annual report ^Ir. Carr writes: '* We were fortunate 
enough to find several of these implements in place. Prof. AVhitney 
has no doubt as to the antiquity of the drift, and we are both in full 
accord with Dr. Abbott as to the artificial character of nianv of these 
implements.'' In reporting further upon this instance at the meeting 
of the Boston Society of Natural History, on Jamuiry 19, 1K8I, Mr. 
Carr states that the circumstances were such that '* it f /. <., one of the 
particular implements] must have been deposited at the time the 
containing bed was laid down." In 1879, and again in 1880 professor 
Putnam spent some time at Trenton, and succeeded in finding with 
his own hands ''five unquestionable palaolithic im])lements from the 
gravel, at various depths and at different points." One of these was 
four feet below the surface soil and ono foot in from tlu^ perjiendicu- 
lar face which had just been exposed, and whrre it was clear that the 
gravel had not been disturbed. A second one was eight feet below 
the surface. ( Proc. Boston Soc. of Nat. Hist, for Jan. 19, 1881.) 

I'p to 1881 Dr. Abbott had reported sixty implements of pala-olithic 
type from recorded depths in the gravel. In several instances the 
implements were found in raih'oad excavations far back from the 
river front, at a depth of from ten to sixteen feet from th(» surface, 
where there could have been no "creep" of the strata, and where it 
is impossibh' to believe that then* could have been previously any ex- 
cavations. 

-\s confirming the entire trustworthiness of Dr. Abbott's observa- 
tions, it is to be noted that, with a single exception, all tlie imple- 
ments reportinl below th(» loam whicli constitutes the surface soil, are 
of argillite, while tho.se upon the surface, which are innumerable, are 
chiefly of a different type, made from flint and jasj>er, or of other 
material of relative character. Another fact, which has always had 
great weight in my own mind, is one mentioned by the late professor 
C'arvill I.<'wis, in his chapter upon the subject at the end of Dr. Ab- 
bott's volume on "Primitive Industry." I hav<^ the more reason to 
feel the force of his conclusions, because^ the proof-sheets passed 
through l.t^wis' hands af the time we were together conducting the 
survey in Pennsylvania, soon after we had visited the depositsin ques- 
tion. T1h» fact was this: professor lA»vvis had been at work for a con- 
siderable time in classifying and mapping the gravels in the Delaware 
valley, being all the time in ignorance of Dr. .\bbott's work until his 
own results were definitely formulated. But after he had accurately 
determined the boundary between the glacial gravels and the far 
older gravels which surround them and spread over a considerable 
portion of the territory beyond, he found that the localities where 
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Mr. Cnrr, professor Putnam, mid Dr. Abbott had reported finding their 
implements in undisturbed gravel, ail fell within the limits of the 
glacial gravels, and had in no case been put outside of those limits. 
Now, Dr. Abbott's house is situated upon the older gravel ; but at the 
time of most of his discoveries he had not learned to distinguish the 
one gravel from the other. If these implements are all from the sur- 
face and had been ctmimingled witli lower strata by excavations, 
landslides, or windfalls, there is no reason why they should not have 
been found in the older gravels as well as in those of glacial age. There 
is here a coincidence w'hich is strongly confirmatory of the correct- 
ness of our conclusion that there is no mistake in believing that the 
implements were originally deposited with the gravel where they 
were found. 

^Ir. Holmes has not yet published his observations, but I know, in 
general, what they are. He has watched the digging of an extensive 
sewer, in Trenton, and has not himself found any implements; while 
many other persons have looked, more or less, for implements in x/V// 
and have not found them. But negative evidence of this sort will 
have slight weight in the presence of the abundant and minute posi- 
tive evidence adduced, especially in view of the varying experience 
which the same individual often has in such discoveries. For exam- 
ple, professor l*utnam found three of his implements in place in a 
single day. "A h)ng-continued search on several following days failed 
of success in finding other specimens in place, although several were 
obtained from the talus." Furthermore, the general public has an 
exaggerated estimate of the freciuency with which implements occur 
in these great gravel deposits. F^en at Amiens, France, the casual 
visitor stands small chance of finding an implement in })lace; 
while the practice there of sifting the gravel enables the workmen 
to find everything there is. The conditions under which the work is 
prosecuted at Trenton are not at all favorable for discovering every- 
thing which the gravel contains. 

As to ^Ir. Holmes' theory that all these implements are ** rejects'' 
I think the error would be at once manifest to any one, upon inspect- 
ing the large collection at the Peabody Museum. But even if they 
are "rejects," if they are found in undisturbed strata of glacial age 
they are as good evidence of glacial ninn as j)errect implements would 
be. Hut the implement dis(rovered at Newcomerstown, Ohio (figured 
at p. 252 of my book, and of which I have giv(Mi a full account in the 
proceedings of the Western lves(»rve Historical Society of Cleveland, 
Ohio), has been seen by Mr. Holmes and |)ronounced as complete and 
perfect as could be desired ; and this was found iifteen feet below the 
surface, where a railroad excavation was working into a glacial ter- 
race precisely like that at Trenton, and where there could have been 
no previous disturbance of the soil. The discovery by Dr. Metz 
(another of Prof. Putnam's most competent assistants), of a i)erfectly 
formed implement in the glacial terrace on the Little Miami, at Mad- 
isonville, Ohio, is another well-established confirmation of the exi>t- 
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ence of glacial man in America. The existence of glacial man in 
America would seem, therefore, to be proved beyond ' reasonable 
doubt." Those^ who are expressing doubts are speaking, for the most 
part, in ignorance of evidence which has long been before the public. 
Probably, in my book, I should have had this class of doubters more 
in mind and have stated the evidence more fully. But there is a 
limit to what can be put into one small volume. 
Januni'n 'Jth, ISU.i. G. FuEDKincK Wiuoht. 

A New Locality fok Mim.kkitk. For a number of years there have 
been noted occasionally in **geode collections" examined from different 
parts of Lee county in southeastern Iowa certain specimens contain- 
ing clear calcite crystals, traversed in different directions by minute, 
yellowish filaments, after the manner of the familiar fftrhex (Vnimnir — 
the rutile needles in cjuartz. The "geodes" of the region are from the 
Keokuk limestone of the lower (Carboniferous, or Mississipi)ian, series. 
As is well knowMi they are spherical concretions of silicious matter, 
sometimes solid, often hollow and lined with crystals of quartz or cal- 
cite — veritable crystal grottoes in miniature. In size they vary from 
half an inch to two feet in diameter. Not unfre(|uently various 
metallic minerals in more or less well bounded crj'stallographic forms 
stud the outer surface of the calcites and quartzes. Among these 
may be mentioned sphalerite. chalcopyrite and iron pyrites. 

l^ecently in opening a large quarry in the vicinity of Keokuk in the 
compact Keokuk limestone some feet below the regular '*geode bed," 
numerous cavities were encountered varying from several inches up 
to perhaps twenty inches. These hollows have large thickly set rhom- 
bohedrons of calcite jutting out towards the center. The faces are 
brightly polished and the edges are sharply cut. In some of the cal- 
cites have been found most beautiful tufts of closely arranged brass- 
yellow needles of millerite pointing from the center of attachment in 
all directions to a distance of one-half to two and one-half inches. In 
some of the examples the tufts are made up of hundreds of filaments, 
often so close together that the needles of different bunches are in- 
terwoven closely, forming a dense, matted mass. Often a large, per- 
fectly transparent calcite has a tuft of long millerites completely in- 
closed in it ; or part of the tuft may be imbedded in the lime crystal, 
the extremities of the needles left projecting outside. 

This is the first time that any of the nickel-bearing minerals have 
been reported from Iowa ; and the noting of the sulphide of the metal 
is therefore of considerable interest. The Keokuk occurrences are 
believed to be the most beautiful ever found in this country, if not in 
the world. 

^Ir. (/. A. Flannery of Keokuk has very lately come across another 
*'pocket" of similar geodes containing millerite. One specimen of 
calcite covered thickly with needles of the nickel sulphide weighed 
over fifty pounds. Cuaulks W. Kkyks. 
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TiiK TopocjuAi'irrrvL Work ok the United StatksGkolooical "^mw- 
VEV. Y(mr* rejoinder to my letter on the topographical work of the 
U.S. (ieological Survey, in the January number of the (teolo(iI}<t 
ileaves little occasion for reply, since either implicitly or explicitly it 
admits nearly all of it;* corrections. There remain, however, one or 
two points concerning which a little further discussion may, in my 
judgment, be had with profit. 

My statement respecting the interpretation of the law defining the 
area of work of the (geological Survey was, that it was amended 
"after full discussion in Congress." This is correctly (pioted by you 
and amended to read**after full discussion in n i'nmmWic*' of tht- Ihmtte.^* 
If you will consult the ('(mt/irasioii^f litrnrd. Vol. i\, pp. 2420-2424; 
Voi. \, pp. 4067-4274; Vol. xi, pp. 12U I'M, 770, 2110. 2112, 2:i40 ; Vol. 
XIII. pp. 5923-5930, you will see that I wrot« from full information and 
vwill, I am sure, withdraw your correction of my statement. 

The un(|ualih>d statement that "the Cntmf a ml (innhflr Stimtf uum 

• trnrkimf, nt that n'rif tiiiw, iitnh'r n fni'-rfarlini'i srhftHf nhi('h hfiit Uren 
ill upti'dtltui for Ht'n'ral fffun*, muhr anthoriti/ of lan', on ti ifriicral nmft of 

■ tht' Viiiti'tl StiitiK of (t rharintir imirlii ifhntiral ulth that noir In Imf t.ir- 

• rutetl hi/ thr I'n'iti'il StatiM (ieoloijiral Snrnif," is interesting, if true, but 
I fail to find any demonstration of it in your reply. That the Coast 
and Geodetic Survey might have been willing to undertake the work, 
may perhaps be conceded, but did it undertake it? True, it was 
engaged in geodetic triangulation in various parts of the interior. 
That is well known, but geodetic triangulation is not map-nniking, nor 
is it neci'ssarily a prelude to map-making. The only act of the Coast 
Survey, known to me, suggesting an intention to map the interior was 
the emph)yment of Mr. II. F.Walling during the years IS81-2, to com- 
pile railroad and other map material and to supplement this compila- 
tioh where needful by surveys. In this way some l,»JO()s(juare miles 
in northern Maryland and West Virginia were mai)ped,(m a field scale 

»of one mile to one inch in one hundred foot contours. The work in 
North Carolina and adjoining states to which you refer was purely 
a compilation, on a scale of ten miles to one inch, in hachures. I 
gravely doubt whether the Coast Survey then regarded or now regards 
•this as a part of a far-reaching scheme for mapping the country. 

1 must repeat my statement that th(»re has been no duplication of 
work and no clashing by the two organizations. This, it must be 
•understood, is a (|uestion of fact, not of rumor. 

Your position, as I understand it, is that, though the maps of the 
U. S. (ieological Survey are "useful and good'' yet "Our chief objec- 
tion is against the agency that is carrying on the work."" 

This brings into clear relief our chief difference, which may be 
stated as follows: Is it desirable under present conditions to trans- 
fer the work from one bureau to the other? In considering this, it 
seems hardly worth while to discuss further th(» (piestion as to which 
bureau had authority to do the work ten years ago, or whether the 
(Joast and (ieodetic Survey was engaged in a far-reaching scheme for 
going alxlut it at that time. These matters are interesting from a 
historical standpoint, but are hardly live issues to-day. 
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Let us consider the present situntion for a moment. Our country 
is to-day almost the only civilized nation which has no ^cwd map of 
its area, and scientific and industrial interests are suffering daily for 
lack of such a map. Every j^ear that can be saved, in its completion, 
will save millioiis to our industries. Time and expense as well as 
quality should tlierefore be considered. 

The work is to-day, in law and in fact, in the hands of the (leological 
Survey, is being executed rapidly, efficiently and economically. More 
than one-fifth of the area of the country, excluding Alaska, has been 
mapped and those who use the maps agree with you that they are 
useful and good. The (Geological Survey has a large cori)s of well 
trained topographers, and is fully e(|uipped for carrying on the work 
to completion. 

All this is certainly favorable to maintaining the status quo. 

Now will the (juality be improved, the time shortened or the ex- 
pense lessened by tlie transfer? And if by transfer, the (juality could 
be improved, will such improvement compensate for the added time 
and expense attendant upon it? 

These are matters about which different oj)inions may be held, but 
in considering them let it be steadily remembered that the present 
status isproducirjg, on the whole, satisfactory results, while the results 
of a change are uncertain. • IIknuv (tannett. 

Wnsli'nuittm, JffH. P!, IS!fJ. 

yin. Taff's kkima' to Prof. IIim.. I*erniit me to correct some 
erroneous statements in the criticism of my report in your I>e(;ember 
number. On pago Xo. 3J)1 ^Ir. Hill says: ••Concerning the age of the 
Trinity beds of my Trinity division for which ^Ir. Tatf. without state- 
ment of authority or reason, substitutes the name Hosijue.'* This 
statement is undoubtedly the result of an oversight or misconception 
on the part of the critic. 1 wish to say plainly that T did not apply 
the name "Hosque" to the Trinity beds as defined by Mr. Hill, more- 
over, I gave clear reasons why the Trinity and (ilen Ixose beds, his 
Trinity division, are inseparable parts of a tripartite division.^' Why 
I did not apply the name Trinity to this clearly defined division is 
evident. The name Trinity division was given first to th<» Trinity 
sand bed by .Mr. 11111.+ lAxtrr this Trinity division was thrown with 
the Glen Rose limestone for the reason that "1 have discovered," he 
says, ''that the beds described under this general t<»rm (Trinity or 
I^asal division ) really include two stratigraphic subdivisions separ- 
ated by distinct lithologic and paleontologic characterlstics."r a 
peculiar n'ason why two beds should be class(»d under a single divi- 
sion. To augment further the confusion by ap)>lying the name Trinity 
to my new tripartite division when one of those subdivisions had been 
properly nnnjed "Trinity'' would be altogether unreasonable. The 
ro<*ks of the i^oscjue division are most beautifully dc^veloped and ex- 

*(it'ol Survov of Toxas, Third Annual Report, 1«U1, pp. N()>. 800, a(H>, 807, -SU, :M'2, 8'i3 
and 3^4. Seo also details of ?*«*ction!* of tin* Bos(|ii«' divi(*ion, 

+Qe>l, SiirviM of Arkansas, 18SS, Vol. II, p. lUi, et he(|., (Jeol. Siirvrv of Tvxas, Bulle- 
tin No. 4, ISSy, p. .\\, and First Annual K«'port, 18S9, p. No. IIH. 

^Tlie Coniancln* Series< of the Texa-Arkansan Ui-sfion, Bulletin (ieol. Society of 
America, p. ovh. 
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posed along the Hos(|Ue river for a distance of more than fifty miles 
from its source. At no other locality has nature so well arranged and 
exposed these rocks for study, hence I gave the name liosque division. 

Concerning the section of the Comanche series on page 395: My 
report covers the ground which has been gone over by Mr. Hill and 
others, but it is based entirely upon the observations of myself and 
my assistant, Mr. Leverett, with the exception of the description of 
the Comanche Teak section (Third Annual Report. Geol. Survey of 
Texas, 1891, p. 3<)7) for which due credit is given Messrs. J. S. Stone 
and \V. T. Davidson. None of ^Ir. Hill's notes have ever been acces- 
sible to me, had I wished to use them. 

It is simply astonishing that Mr. Hill should place in parallel the 
order of succession of the rocks of the Comanche series in North 
Texas as published by me and that as published by himself, and state 
that they are the same, and claim that I had copied his. I should 
have thought it more reasonable had he complained that I had muti- 
lated his section. After working three years on the geology of the 
same formation in a single held and that too where the stratigraphy 
is as simple as that in the Cretaceous of north Texas, I should be 
blind indeed, if I had not obtained the correct succession of the rocks. 
Aft€r spending a part of the spring season of 1891 and the whole of 
the season of 1892 on the Comanche series between Urazos and Red 
rivers I was surprised to find that 3Ir. Hill had confounded the 
Exogyra Arietina bed with theDenison bed !See the (Jomanche Series 
of the Texas-Arkansas Region, Bulletin (it^olugical Society of America, 
p. 517), that he had placed the Kiamitia clays in the Washita division 
without a reason (see Hulletin cited p. 515. By R. T. Hill. For cor- 
rection see Third Annual Report Geological Survey of Texas, 1891, 
pp. 275, and 344, by J. A. Taff), and that he should make his (rooilland 
limestone the highest member of the Fredericksburg division when 
he states, and very truly, that it is, at least, the equivalent of the 
Comanche Peak beds (See Bulletin cited, pp. No. 514, 515). 

The line of demarcation between the Henison and Arietina beds, as 
shown by the fauna as well as by the strata themselves, was plainly 
evident to the writer while tracing it and studying the beds con- 
tinuously through a distance of two hundred miles from Brazos river 
to Indian Territory line. In any good exposure of the rocks along the 
south side of the valley of Red river in Grayson and Cooke counties 
an abundant Fort Worth limestone fauna may be seen in a thin band 
of limestone between the Arietina and Denison beds. Further south 
in Denton, Tarrant, and .lohnson counties this thin limestone in- 
creases, still bearing well defined characteristic Ft. Worth limestone 
fossils, until there are extensive strata of lime and marl leaving the 
Denison and Arietina beds widely separated. There is therefore no 
excuse, on the part of Mr. Hill, for the confusion, after spending the 
field-season of 1890 in this region. The contacts of all the other beds 
of the Comanche series have likewise been traced and mapped and 
the rocks carefully studied between Brazos and Red rivers. If, by 
this close detailed work, we establish the truth in the geology of the 
region we are content. 
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If I may be permitted to refer to such a subject, it behooves Mr, 
Hill to devote himself more closely to the observation of geological 
details in the field before trying to establish even much of that which 
he has already published. 

That the name Fredericksburg was first given by Dr. Koemer to 
the r.)cks now bearing it, is not only true but is well known by Mr. 
Hill, as may be seen by reference to the following of his publications: 
Hull. No. 45 IJ. S. Geol. .Survey, p. 72, and Am. Jour. Sci., April, 1887, p. 
298. Dr. Uoemer in "Kreidehildungen von Texas," as cited in above 
Bulletin, refers to the "Fredericksburg strata" and gives a list of fos- 
sils many of which are characteristic of the Fredericksburg division 
as arranged when named by Mr. Hill. 

It may be noted tliat throughout my report little reference was 
made to the works of geologists in the American Cretaceous, even 
such valuable works as those of Dr. C. A. White and others, but it 
must be l)orne in mind that my paper is simply a rei)ort on the strati- 
graphy of a fragment of a formation covering a limited area in the" 
midst of an extensive Held. No claim was made to extensive re- 
searches in the paleontology of the field — indeed anything like a 
connected and systematic study had never been made of the fossils 
as a whole. >[ost of the leading forms, however, were known and 
they were sufficient for stratigraphic correlation. .1. A. Taff. 
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(Jeoi.ogk'al Socjktv of America. — The fifth annual meeting 
of the rjeological l^ociety of America was held in Ottawa, Can- 
ada, on December 2Hth, 21>th and 30th, where convenient rooms 
in the beautiful Parliament buildings had been secured by the local 
committee. Thirty fellows in all were present. 

The society was called to order at ten o'clock on Wednesday 
morning, by the president, Mr. G. K. (xilbert, after which his 
excellency, lord Stanley, governor-general of Canada, welcomed 
the visitors in a neat speech, in which he stilted that though po- 
litically the United States and Canada might be divided, yet in 
scientific work the two peoples were in perfect accord. [Ic wel- 
comed tliem. as the representative of the queen in Canada, and 
also as a citi/.en of Ottawa. IV(»sident Gilbert acknowledged the 
welcome in a few words. 

Mr. Fairchild, the secretary, then presented the annual report 
of the council, which stated that two meetings of the society had 
been held during the past year, one; at Columbus, Ohio, with an 
attenthmce of twenty-three fellows, and the other at Rochester, 
along with the American Association for the Advancement of Sci- 
ence, when there was an attendance of thirty fellows. They had 
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lost three members by death, making a total of nine since the 
society was formed. 

The report of Mr. 1. C. White, the treasurer, showed that 
financially the society was in a flourishing condition. 

The election of officers for I lie coming year was then proceeded 
with, resulting as follows: 

President — Hir William Dawson. 
First Vice-President — T. C. Ohamberlin. 
Second Vice-President — J. J. Stevenson. 
Secretary — H. L. Fairchild. 
Treasurer — I. C White. 
Editor — J. Stanley-Brown. 

Members of the Council — E. A. Smith, (•. I). Walcott. 
Three new fellows were declared elected, viz.: J. F. Whiteaves,^ 
Ottawa; H. F. Reid, Cleveland; F. W. Sardeson, Minneapolis. 

The remainder of the morning was occupied in reading three 
obituary notices, viz. : of Dr. T. Sterry Hunt, by professor R. 
Pumpelly; of Dr. J. 8. Newberry, by Prof. J. F. Kemp, and of 
Dr. J. H. Chapin, b}' professor W. M. Davis. 

Wednesday afternoon was devoted to the reading of the follow- 
ing scientific papers: 
A. R. C. Selwyn — On the coals and petroleums of the Crow's 

Nest pass, Rocky mountains. 

Dr. Selwyn spoke at some lengtli on this subject, referring to the 
enormous (luantities of coal which have lately been found in the vi- 
cinity of Michel creek, near the Crow's Nest pass. After reviewing 
his work in this district, he went on to speak of the petroleum of the 
South Kootenai pass, in which two distinct occurrences were noted. 
One of these is on ('ameron Falls brook where a heavy dark brown oil 
was found floating on the surface of the stream and in small pools; 
the other is on Akamina brook, about six miles down the western 
slope in British Columbia, where the oil was found in a similar man- 
ner, but was of much lighter color and gravity. According to Dr. 
Selwyn, both these oils are from Cambrian rocks. 

H. P. BRU.MELL — On the geology of natural gas and petroleum in 

Ontario. 
H. P. Brumell — Note on the occurrence of Petroleum in fiaspe^ 

Quebec. 

Mr. Brumell, in his first paper, treated of the mode of occurrence 
and distribution of petroleum and natural gas in Ontario, and infer- 
entially brought out points suggesting the non-productive properties 
of the Trenton formation in the province, while the enormous quan- 
tities found in the ^ledina sandstone make him think that to that 
formation rather than to the older Trenton must the attention of gas 
operators be directed. Oil has been found in workable quantities in 
but one horizon — the Corniferous — though explorations have proved 
its existence in the Clinton (?) in Essex county, and in the Medina in 
Wei land county. 

Mr. Bruniell's second paper was merely a note on the mode of occur- 
rence of oil in (Tasp^** county, (^tiebec, where desultory work has been 
carried on for many years, the result being the establishment of the 
fact that deep-seated oil of superior ciuality exists, though in what 
quantity future development alone can tell. The oil is obtained from 
the limestones underlying the long series o.' Gasp<^ sandstones, and is 
of Lower Devonian or Tpper Silurian age. 
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♦^IR J. William Dawson — Note on sponges found in the Cambro- 
Silurian at Little Metis, Canada. 

(Head in the absence of the author by Mr. F. I). Adams.) 
J. F. WniTKAVKs — Notes on the Devonian formation of Manitoba 

and the N. W. Territories. 

Mr. Whiteaves gave a short address in wliieh he discussed the 
relationship of the fauna of the Devonian formation of northern Man- 
itoba with that of northern Europe. In Manitoba the Stringocephelus 
zone is remarivably clearly developed, and holds a rich fauna, 
whereas in the Mackenzie River district, most of the fossils so far col- 
lected seem to be from the CUiboides zone. 

IIknrv M. Ami — Notes on Cambrian fossils from the Selkirks 

and Kock}' Mountain region of Canada. 

This paper was based mainly upon a collection of Lower and ^liddle 
('ambrian fossils made by the author in the summer of 189L It con- 
tained notes on some eight species of Lower Cambrian (Olenellus 
zone) fossils from the gray, glossy and calcareous schists and lime- 
stones of the entrance to the Selkirks, some two miles west of 
Donald, British Columbia. The latter part of the paper dealt with 
the forms met with in the Middle Cambrian of mount Stei)hen in the 
Kocky mountains, near Field, H.('., where the terrane is highly fossil- 
iferous. Upwards of twenty si)ecies have been recorded from this 
locality, many of which are very interesting and well-])resecved. 

Hknrv M. Ami — On the Potsdam and Caleiferous terranes of the 

Ottawa Paljvozoic iiasin. 

The stratigraphical, lithological and paheontological relations of 
the Potsdam and Calciferous terranes, as seen and known in the 
Ottawa l*al;eozoic basin and elsewhere were discussed in this paper; 
also the reference of these two terranes to the Cambro-Silurian or 
Ordovician epoch instead t)f to the Cambrian epoch, inferred from the 
internal evidence. 

R. D. Salishtrv — Distinct glacial epochs, and the criteria for 

their recognition. 
J. H. TvRRKLL — IMeistocene phenomena in the region southeast 

and east of lake Athaba.sca, Canada. 

The paper was the result of an exploration conducted by the author 
for the Canadian (leological Survey in the hitherto unexplored 
region lying southeast of Athabasca lake and north of Churchill. 
The region is underlain by Arcluean gneisses, etc., and Paheozoic sand- 
stones, and has some strongly marked glacial features. The general 
course of the striation is south-south-westward, but towards the 
north it turns to the west down the great valley of Athabasca lake, 
while in the southern portion of the region it turns more directly 
southward towards the plains. The amount of true subglacial till 
appeared to be rather small, but great numbers of high drumlins, 
running with the glacial strije. were found in the basin of Cree 
lake and vicinity, and along Black river and around Black lake. These 
would appear to be formed from material fnr/en in the ice,and collected 
in ridges by currents in the glacier. Kidges of stratiiied sand or 
kames were also noted. 

The watershfHl north of Caribou river was an extensive sandy 
plain about the level of some high terraces around Cree lake, and was 
probably formed when the waters rushed southward from a circum- 
glacial lake. Terraces were also recorded about a hundred feet 
above Black lake, which is itself three hundred feet above lake 
Athabasca. .Vthabasca, Wollaston and Cree lakes lie along the line 
of contact of the l*al;vozoic and Archa-an rocks. 
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A great moraine was also noted as forming the watershed between 
the Saskatchewan and Churchill rivers. 

On Wednesday evening Mr. W. J. McGee, of the United 
States Geological Survey delivered an illustrated lecture on ^^A 
Fossil Earthquake,'' to a large and appreciative audience. About 
the year 1812 there was a severe earthquake in the Central United 
States, and as the historical records of this event were not very 
satisfactory, Mr. McGee spent considerable time going over the 
ground, and the lecture gave some of the results of his investi- 
gations. The center of the earth movement was on the Missis- 
sippi river, a short distance below Cairo. Some parts of the 
land were uplifted while others were depressed, and Reel foot 
lake was formed. The lecture was an excellent example of 
inductive reasoning, clear proofs being given throughout, not 
only of the occurrence of the earthquake, but of the time at 
which it took place. In closing the proofs collected by the 
geologist were compared with contemporary records, and were 
found to agree perfectly'. 

A vote of thanks was moved by Sir James Grant and seconded 
by Mr. sheriff Sweatland, who humorousl}' remarked that if at 
any time the ground should be too violently shaken in the 
country south of the international boundary line, the Canadians 
would always be pleased to offer their American friends a home 
on the more stable land of the northern part of the continent. 

On Thursda}' morning the society re-assembled in the Railway 
Committee room of the House of Commons. The re|K)rt of the 
committee on photographs was first presented, after which the 
regular reading and discussion of papers was resumed. 
A. P. Low — Notes on the glacial gcolog}' of the northeast Terri- 
tories. 

This paper contained observation on tlie superficial geology in 
the northern part of the Province of Quebec, and along the Rupert, 
East Main, Big, Great Whale and Clearwater rivers, all of which 
empty into Hudson bay on its east side. There are two sets of 
glacial striiP in this region, the older running from N. 30 E. to S. 30- 
W., and was evidently the direction of the ice flow during the period 
of greatest accumulation. The ice at that time pushed in a uniform 
direction from the highlands of central Labrador over the southern 
portions of Quebec and Ontario. The later ice markings show that 
the ice moved down from the interior plateau following the general 
slope of the country, thus moving directly south in northern Quebec 
towards the St. Lawrence, and westward towards Hudson bay on that 
watershed. At this period the glacier formed a terminal moraine, 
the remains of which form a chain of large islands that extend north- 
ward two hundred miles from the south end, uj) the eastern third of 
James bay. These islands are wholly composed of unstratified drift. 
There is a marked absence of the finer material of the drift in the 
interior of Labrador, the surface being covered with innumerable 
boulders, often arranged in sharp drumlins. The post-glacial eleva- 
tion is marked by the limits of stratified sand and clay, and by ter- 
races cut into them. The greatest elevation noted is on the Clear- 
water river, where these deposits are found 675 feet above the present 
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sea level. To the southward on the East Main river similar strati- 
fied sands and clays extend continuously inland for one hundred and 
ten miles, at that distance being about six hundred feet above sea 
level. Marine fossil shells occur in these beds forty miles inland. It 
is pointed out that as the elevation along the Atlantic coast of Lab- 
rador is only about 200 feet, by the theory, that the greatest elevation 
occurred in areas of the greatest accumulation, the ice-cap must have 
been much thicker on the west side of Labrador than on its eastern 
slope. , 

Robert Chalmers — The hight of the bay of Fundy coast in the 
glacial period relative to sea level, as evidenced by marine fos- 
sils in the boulder clay at Saint John, New Brunswick. 

The fossiliferous boulder-clay referred toby the author, is found on 
the coast of the bay of Fundy, just west of Saint John harbor, and 
forms a bank from 40 to 60 feet in hight above sea level. (Glacial 
striae, varying in direction from S. 2® W. to S. 65® E. (true merid- 
ian), occur on the rocks beneath it. The materials of the boulder- 
clay have all been brought from the north by land-ice. Intercalated 
in it are seams of stratined clay containing arctic shells ( Yoldia arc 
h'cn, &c), in a good state of preservation. These are also found in 
the unstratified deposits immediately overlying the latter. The author 
therefore concludes, (1) that the boulder-clay here was produced by 
successive accretions of material in a zone of oscillation of the ice- 
front; and, (2) that when the stratified and overlying unstratified 
portions were deposited the land must have stood 100 to 200 feet lower 
than at the present day. 

W. J.McGee — The Pleistocene history of north-eastern Iowa. 

Warren Upham — Eskers near Rochester, N. Y. 

Warren Upiia.m — Comparison of Pleistocene and present ice 

sheets. 
(t. Frederick Wright — The post-glacial outlet of the great 

lakes through lake Ni pissing and the Mattawa river. 
N. H. Darton — On certain features in the distribution of the 

Columbia formation on the middle Atlantic slope. 

This paper was a description of relations indicating an int^^rval of 
erosion between the depositions of the high-level and low-level por- 
tions of the formation, begiiuiing in southern Maryland and gradually 
increasing northward to New Jersey. 

George M. Dawson — Note on the'geologv of Middleton Island, 

Alaska. (Read by R. W. Klls. ) 

This short paper was devoted princi|nilly to the description of a 
boulder-clay or till from Middleton island, which is found to cimtain 
some marine fossils. 

Robert W. Ells — On the Laurentian of the OtUiwa district. 

The author first discussed the early views of Sir Wni. Logan on the 
structure of the Laurentian, north of the Ottawa, stated in the earlier 
reports of the Geological Survey, in which the estimated thickness of 
the rocks of the system, including the Anorthosites, then regarded as 
an integral part of a gradually ascending series of metaniorphic sedi- 
ments, was stated at 32,750 feet. In this thickness were included at 
least four distinct bands of limestone, which were supposed to be sep- 
arated by areas of red orthoclase gneiss, in masses 3,000 to 4,000 
feet thick. The recent work in this district has shown that the Anor- 
thosite is an intrusive mass of later date than the gneiss and linje' 
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stone, as is also the case with other areas, often of considerable size, 
of aiigen and syenitic gneiss, pyroxene and quartz-feldspar, formerly 
also classed as pyroxenic and quartzose gneiss, and regarded as an 
integral portion of the gneiss and limestone series. In regard to the 
structure of the calcareous portion the author held that the crystal- 
line limestones should be regarded as the upper member of the series 
entirely, instead of being pbced at widely separated horizons in the 
orthoclase gneiss, and that there is a gradual passage downward frorrt 
the calcareous rocks into the gneisses, by the interstratifications in the 
lower part of thin bands of the latter. The foliation sometimes seen 
in the syenitic and augen-gneiss, and also in certain portions of the 
Anorthosite, is supposed to be due to the pressure by which the entire 
series was thrown into the crumpled state in which it is now found. 

Thf occurrence of economic minerals, such as apatite, graphite, 
mica and asbestos, is regarded as dependent upon, or influenced by, 
the intrusions of pyroxene and quartz-feldspar, or other igneous 
rocks, the apatite being always confined to the pyroxene dykes, 
excei)t where it occurs in the form of crystals scattered through the 
limestone mass, or in veins in the pyroxene which traverse that rock. 
The ctmclusion was stated that the series in ascending order is gneiss 
of various kinds, passing upward gradually into limestone, constitut- 
ing the Laurentian proper, and succeeded upward by the schists of 
the Hastings series of Vennor, which presumably constitute the low- 
est member of the Huronian system. 

Robert Bell — The contact of the Laurentian and Huronian north 

of lake Huron. 

The writer gave a brief sketch of what he has called " The Great 
Helt of the Huronian rocks of Canada," which runs from lake Su- 
perior to lake Mistassini, a distance of 700 miles, following its general 
course. The so-called "typical Huronian" of lake Huron is only a 
small section of this belt, and a passing protest was made against the 
use of this term. The general relation of the Huronian to the Laur- 
entian was next referred to. The question as to the conformity or 
otherwise of the two systems involves the admission that the Laur- 
entian is an altered sedimentary series. As a rule, the stratification 
of the latter, whether due to pressure-foliation or to sedimentation 
was conformable with the acjueous stratification of the Huronian and 
the few exceptions to this which had been observed in (Canada ap- 
peared to be all due to faulting. 

Many geologists appear to suppose that the bedding of the 
Huronian rocks along the north shore of hvke Huron dips generally 
at low angles. Hut even if it did so, this would be merely a local 
accident of structure and of no significance from a chronological 
point of view. The dips, however, are not at moderate angles, except 
in some limited areas. .\s a rule, they are at very high angles, ap- 
proaching the vertical — higher indeed than that of the Laurentian 
gneisses to the eastward. 

In tracing the several bands of the Huronian series along the north 
shore, they are found to strike with great regularity almost due east. 
But as they approach the contact of the Laurentian they appear to 
double round the east end of a great syncline, and part of them 
probably round two or three secondary basins, opposite the eastern 
part of Grand Manitoulin island. 

From the eastern extremitv of lake Superior, the Great Belt fol- 
lows the north shore of lake Huron to Killarney, at the commence- 
ment of Georgian bay. Thence its south-eastern border turns inland 
and runs north-eastward to the Ottawa river. Along this boundary, 
on leaving lake Huron the stratification on either side is at first 
parallel or nearly so, but before we have followed the line of contact 
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twenty miles inland we find the bedding of the Huronian quartzites, 
cVcc. (which stands almost on edge), abutting upon the Laurentian, at 
nearly a right angle. The latter here consists of very regularly 
stratified gneiss running north-east and dipi)ing uniformly south- 
eastward at an average angle of 60'. 

Near lake Huron a belt of red hornblende-granite intervenes be- 
tween the gneiss and the quartzite series, out in one part this is 
separated from the former by a belt of somewhat altered quartzite, 
so that this granite may be included within the Huronian rather than 
the Laurentian. 

There was clear evidence of a great dislocation between the quartz- 
ites on the one hand and the granite and gneiss on the other. The 
actual contact of the two sets of rocks is plainly seen at many places 
along the line. It is accompanied by much breaking up of the rocks 
on either side, forming not only coarse and fine breccias, but also sep- 
arating masses of the quartzite hundreds of yards in length, from 
the main body. The latter phenomenon was explained as having 
been due to thrusts between secondary planes of fracture and the 
primary one. The Huronian rocks were altered for a few hundred 
yards inward from the line of dislocation, grey wackes being converted 
into gneiss, silicious flags into mica-schist, etc. 

Continuing north-eastward, upon the boundary of the two systems, 
there was evidence of faulting along their contact where it follows the 
Wahnapitit* river, at the intersection of the Canadian Pacific railway, 
as described in the report by the author, on the geology of the Sud- 
bury district (1891). Towards lake Temiscaming, on the Ottawa, the 
two sets of rocks might be conformable. A case of unconformity oc- 
curring on the Missinaibi river, north-east of lake Superior, had oeen 
mentioned in the author's Geological Survey report for 1875. 

Some of the elongated greenstone masses of the lake Huron 
region might have been originally outflows upon an uneven but ap- 
proximately horizontal surface. After having been deeply covered 
by other deposits, the whole series had now been tiltea almost on 
edge and the greenstones appeared as if they might have had an intru- 
sive origin. 

The Huronian granites of the region described were, in some cases, 
at least, altered stratified rocks. Interrupted bands of (iuartzit« and 
schist had been observed incorporated in the rather coarsely crystal- 
line homogeneous granite. 

On the other hand, the Huronian rocks of the north shore of the 
lake include almost unaltered strata. In a brown sandstone of the 
series associated with nuidstones and dolomites on Aird island, the 
author had discovered forms resembling fucoids or the trails of anne- 
h'ds, and he exhibited a ripple-marked slab on which these were very 
well seen. 

In the region described, the dependence of the present surface con- 
tours and other geographical features upon the nature of the funda- 
mental rocks and the conditions alTecting them was very marked. 
One of the most striking examples was to be seen along the great 
fault which had been described. The Huronian country on the north- 
west was elevated and mountainous up to the very contact, and it 
overlooked the Laurentian area, whicli stretched far off to the east- 
ward as a comparatively level plain. 

On Thursday evening the visiting members of the Oeological 
Society were entertained to a banquet by the Logan club, which 
consists of the scientific statT of the Canadian Geological Sur- 
vey. Among those present were lord Stanley, governor-general 
of Canada, Sir John Thompson, premier of the dominion, T. M. 
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Daly, minister of the interior, and many other distinguished Can- 
adians. 

After th<» viands had been disposed of the toasts of the qttccn, 
the president of the United Statetf^ and the tftnvnior-gnwraJ were 
(enthusiastically drunk. In responding to the latter, lord Stanley 
made a very felicitous speech, in which he expressed the great 
pleasure that it gave him to extend Canada's welcome to the sci- 
entific men from the adjoining republic, assuring them that the 
oftener they came, the more they would be appreciated, and the 
better it would be for lx)th countries. He humorousl}' referred to 
his abundant opportunities for the study of geology and palieon- 
tology on the road from the (Jovernment house to the Parliament 
buildings. 

In answ^er to the toast of oar guests, professor Emerson of Am- 
hurst college, made an admirably witty speech. He was followed 
by professor G. F. Wright and Mr. W. J. McGee, the latter of 
whom proposed the toast of the Parlianu nt of Conada. This 
was responded to by Sir J\)hn Thompson who saitl that on this, 
his first opportunity since becoming premier, of giving an outline 
of the policy of the government he could assure them that, on 
one point, at least, the parliament would be unanimous, and that 
was in otTering a most cordial welcome to the scientists of Amer- 
ica. The differences of opinion in commercial and political mat- 
ters had no counterpart in science. 

The Ge(do(jic(il Society ofAvurico was proposed by Sir James 
(xrant, and answered by president (lilbert; the Geological Survey 
of Canada was proposed by professor Fairchild and answered by 
Mr. Daly, minister of the interior, and the Press was answered by 
Mr. Shannon, editor of the Ottamt Citizen. The company then 
sang the British national anthem, and a very pleasant and profit- 
able evening was brought to a close. 

On Friday morning Mr. (J. K. Gilbert gave the annual presi- 
dential address on the subject ''Problems of the Continents. ' 

After alluding to the interest manifested at tlie present time in con- 
tinental and inter-continental subjects, and to the geological work of 
the coming Congress of (Geologists on the occasion of the World's 
Fair at Chicago, Mr. Gilbert reviewed the broader of the problems in 
geophysics and geological history as they affect the continents. Rec- 
ognizing the continental i)lateau, as distinct from the dry land conti- 
nents, it is a question how it is sustained, the rival theories being 
those of terrestrial rigidity and isostasy. The doctrine of isostasy is 
gaining adherents, but is not universally accepted. If accepted, it 
leaves the question whether the lightness of continental rock material 
IS due to relatively high temperature or to composition. For tlie ori- 
gin of the continents the only well-digested theory in the field is that 
of I)ana« and that has not yet been fully compared with the body of 
new facts contributed by the last decade. The ])ern)anence of conti- 
nents, though widely accepted, is not yet fully established ; and the 
doctrine that continents have steadily grown from Archean to Pleis- 
tocene, though universally taught, is not yet placed beyond question. 
Thus the continents offer to the congress of next summer a number 
of fundamental problems worthy of the most careful consideration. 
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After tlic presidential address the reading of papers was re- 
sumed : 
W. H. C. Smith - Tlie Areliiean rocks west of lake Superior. 

This paper jijave a brief description of the rocks and their distribu- 
tion between the Jake of the Woods and lake Superior north of the 
international boundary and referred to some of the theories of origin 
and structure of the various members of the Archjran system and to 
the iron ores and gold-bearinj; rocks of the region. 

Alfred K. Barlow — The relations of the i^aurentian and Huron - 

ian rocks nortli of lake Huron. 

In this paper, which is i\ revision and extensicm of one published in 
the AMEracAN GEOLO(iisT of July, 1890, the writer traced the line of 
junction between the Laurentian and Hunmian from Killarney (»Shi- 
boananing) on lake Huron, to Wahnapita* station on the (.'anadian 
Pacific railway (12 miles east of Sudbury). Brief descriptions were 
also given of the contacts exposed near Straight Lake station, and in 
the vicinity of Thessalcm, Ont. The various phenomena were de- 
scribed in detail, and the general conclusion arrived at that the Lau- 
rentian gneiss is of irruptive origin and was in a magmatic condition 
at a time subsecjuent to the hardening of the Iluronian sediments. 
There is thus no question as to conformi'ty or unconformity }>ctween 
these two great divisions, as the contact, wherever exposed, shows 
abundant evidence of the intrusive nature of the gneiss, breaking 
through and altering the Iluronian quartzites. 

C. R.Van HiSK -The volcanics of the Huronian south of lake 

Superior. 

Ou Friday afternoon Mr. W.J. Mcdee gave an interesting account 
of the work of the U.S.treological Survey, both inregardto the gen- 
eral plan of its execution, and the scientific results aimed at or al- 
ready attained. The beautiful new atlas of portions of Tennessee 
was shown to give a clear idea of what was bein^: accomplished with 
the combined etforts of the topographical and the geological staffs. 

The next paper wtus: 
V. WiLLARD Hayes and M. H. Ca.mphkll — (leomorphology of 

the southern Appalachians. 

This was presented by Mr. Hayes, who gave a clear and instructive 
account of the changes of level and configuration that the southern 
Appalachian country has undergone in post-Mesozoic tim«»s. 

At half past three the society adjourned and the members went 
to the (iovernment house where lady Stanley was giving an at 
/iotiif, '-to meet the members of the (leological Society of Amer- 
ica.' The toboggan slides and skating and curling rinks were 
open, while the drawing rooms were bright with the beauty of the 
(^anadian capital. Here two exceedingly pleasant hours were 
spent, enjoying the hospitality of the very charming Knglish lady 
who is at present the leader of Canadian society. 

On Friday evening, December :U), the final meeting of the 
society was held, when the following papers were read: 
.James MrKvov —Notes on the Gold range in British Columbia. 

A short description of the topography of the gold range and part of 
the adjoining interior plateau country, with notes on the glacial ge- 
ology of the same. 
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Israel V. Rtssell — A geological reconnoissance in the central 
part of the state of Washington. (Read by title.) 

K. W. Klls — The importance of photography in illustrating 
geological structure. 

The latter was a verbal description of a series of large colored pho- 
tographs showing the mode of occurrence of apatite in the deposit of 
the Buckingham and Lievre district, as well as the relations of the 
intrusive apatite-bearing rocks to the surrounding gneiss. The apa- 
tite was stated to occur in intrusive dykes of pyroxenite diorite, which 
in some places ran with tlie foh'ation of the gneiss, and in other places 
across it. 

(^HARLES RoMjN Kkves — SoHic Maryland granites and their 

origin. 

A brief sketch of the graniti(^ rocks of Maryland witli a summary 
of the reasons for regarding them as eruptive in origin. 

Charles Rollin Keves — Kpidote as a primary component in 

granites. 

Occurrences of the mineral in certain granites regarded as eruptive 
described, the evidences of its original nature explained and its asso- 
ciations with the clo.sely related allanite considered. 

J. S. Diller — On the Cretaceous and Tertiary of the Pacilic 

st4ites. 

The Cretaceous of California, composed of the Knoxville, llorsetown, 
Wallala and Chico beds, has hitherto l)een regarded as an interrupted 
series. The wShasta (Lower Cretaceous) comprising the Knoxville and 
llorsetown beds, has been supposed to have been separated from the 
(/hico (Upj)er Cretaceous) by a long time interval, the latter part of 
which was believed to be represented hy the AVallala beds. 

Extensive field studies of the stratigraphy and collections of fossils 
from over eighty different localities in the ('retaceous ^how that the 
Wnllala is a part of the Chico and that the Shasta and (Uiico are not 
only conformable, but that over one-fourth and nearly one-half of the 
Shasta fossils continue up into the Chico. It is evident that then* is 
faunal as well as stratigraphic continuity and that the sedimentation 
was uninterrupted throughout the Shasta-Chico series 

This series is unconformable on the .lura-Trias and Paleozoic rocks. 
About the close of the .Jurassic in the northern Sierras and Klamath 
mountains of ('alifornia, tluM)ld(M' strata were raised above the sea 
and exposed to subnTial degradation. l)uring the Cretaceous the 
land subsided and tht» sea transgres.sed upon the western base of th<' 
Sierra N(wada and almost the whole of northern ('alifornia and Ore- 
gon, forming deposits of the older residuary material but little re- 
moved from its source. 

In Oregon the Koccne is unconformable on the Shasta-Chico series 
in such a way as to show the upturning and erosit>n of that series at 
the close of the ('retaceous. Of the ?nountain forming epochs on the 
Pacih'c coast, the one about the close of the .Jurassic and the next at 
the close of the Cretaceous are considered to be among the greatest. 

T. W. Stanton. —On the Fnunns of the Shasta and Chico 
Formations. 

The Cretaceous deposits of the I'nciiic coast of the I'nited States 
have hitherto been supposed to contain at least two distinct faunas, 
the older of which characterizes the Shasta ft)rmation while the later 
occurs in the Chico and has been su])])osed to be intimately connecteil 
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with the Tejon, passing up without any break into a characteristic 
Eocene fauna. The Shasta fauna and the Chico fauna were believed 
to have so little in common that a time-hiatus was inferred to exist 
between them. 

The present paper, based principally on the study of Mr. J. 8. 
Diller's collections from northern California, Oregon and Washington, 
shows that there is an intimate commingling of Shasta and Chico 
species and that all the fossils from both formations seem to belong 
to a single fauna. This is especially well shown in the collections 
from Horsetown and various localities on Cottonwood creek, Shasta 
county, California. 

The Shasta-Chico fauna contains many species that are closely re- 
lated to forms described from the Knglish Hlackdown beds (Gault or 
(•enomanian), while very few, if any, of its species are identical with 
those found in the Upi)er Cretaceous beds in the interior of the United 
States east of the Rocky mountains. It is therefore suggested that a 
considerable part of the Upper ( -retaceous series may be lacking in 
the Pacific states. The conclusions reached concerning the relation- 
ship of the faunas of the Shasta and Chico formations are probablv 
also true of the (^ueen ('harlotte and Vancouver faunas of British 
Columbia. 

N. H. Daiitox — Ov(;rthrust faults in eastern New York. 

Gave an account, with illustrations, of some small but typical over- 
thrust faults in the rocks of eastern New York. 

It was then moved by Mr. F. 0. Adams, seconded bv Mr. C. 
11. Van Hise, and unanimously carried, ''that the thanks of the 
Society be tendered to his excellenov, the governor-general of the 
dominion of Canada, for the cordial welcome which he extended 
to the Society, and to her excellency, lady Stanley, for her very 
kind hospitality. To the J^ogan Club for its invitation to the So- 
ciety to meet in Ottawa and for its generous hospitality, and 
especially to its committee, consisting of Messrs. Selwyn, Klls, 
Tyrrell and W. H. Smith, whose untiring etforts have so largely 
coutriV)uted to the success of the meeting. To the Royal Society 
of Canada, for its invitation to meet in Ottawa, and its kind at- 
tentions during the Society's visit. And to the clerk of the 
House of Commons for the ample suite of rooms which he placed 
at the disposal of the Soci(»ty during this, its fifth annual meet- 
ing. " 

Before dispersing Messrs. Fairchild, McGee and Emerson all 
gave voice to the general sentiment that the meeting was <me of 
the iDost succc^ssful in the history of the society. 

To all the members present, and more especially to those from 
Ottawa itself, che meeting has a mournful interest, as it com- 
pleted the life work of Mr. W. H. Smith, the secretary of the 
local committee and n member of the staflf of the Canadian Geo- 
logical Survey, whose constant attention did so much to make 
the meeting a success. 

After the reading of his paper, on Friday, he was obliged to 
keep to his home by an attack of acute catarrh. This developed 
into pleurisy, and to it he succumbed on the evening of January 
19th. 
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A CLASSIFICATION OF THE BRACHIOPODA. 

By Chable!* Schucuert, New Haven, Conn. 
Plate V. 

The class Brachiopoda, since 1858, has been divided by nearly 
all systematists into two orders, based on the absence or pres- 
ence of articulating processes. These divisions were recognized 
by Deshayes as early as 1835, but not until twenty-three years 
later were the names Lyitpomata and Arthmpomata given them by 
Owen. These terms have been generally adopted b}' writers, 
though some prefer hmrticufata and Articnhita of Huxley, or 
livonxUs EiuirdiHi'H and Tisfuanliiuti. i3ronn,*in 1862, and King, ^ 
in 1873, while retaining these divisions, considered the presence 
or absence of an anal opening more important than articulating 
processes, and accordingly proposed the terms Pffumpygia and 
Apt/gia, and Trfteuterata and Clisttuf* rata^ respectively. Many 
palco2&oic rostrate species of Clistenterata, however, give evidence 
that an anal opening was also present, and, therefore, the absence 
or presence of this organ is not so persistent a character as that 
of a hinge. 

Von Buch,* in 1834, also divided the class into two sections, 
founded on the mode of attachment. The first section contained 
all brachiopods fixed b}' a pedicle to foreign bodies, while the 
second is restricted to those forms in which there is no pedicle at 
maturity, the entire lower or ventral valve being cemented to other 
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objects, as in Crania. The first section is again divided into three 
groups, on the basis of the position of the pedicle, (a) pedicle 
emerging from between the valves, as in Lingula, (b) ventral 
valve perforated for the protrusion of the pedicle, and (c) unce- 
mented shells without a pedicle opening. The third group, how- 
ever, is identical with />, since LcptiBtia, FrodurtuH and Stropho- 
mt'tia, genera referred to section r, do possess a pedicle opening. 
While this classification lacks a complete understanding of the 
features in question, it is remarkable that Von Buch, nearly sixty 
years ago, and Deslongchamps,' twenty-eight years later, recognized 
some of the principles upon which the classification of the Brach- 
iopoda is now being established, viz. : the nature of the pedicle 
opening. 

Up to 1846 the general external features of braehiopods served 
the majority of authors as the essential basis for generic differ- 
entiation. In that year, however, King* pointed out that more 
fundamental and constant characters exist in the interior of the 
shell, a fact which soon came to be generally recognized, mainly 
through the voluminous writings of Thomas Davidson. 

In 1848, Gray,* probably stimulated by King's* paper, divided 
the Brachiopoda into two sub-classes, Ann/lnpoda and Hdivto- 
poda. These divisions rest entirely on the basis of the arm struct- 
ure and the presence or absence of a calcareous support. The 
Ancylnpoda are distinguished in having the '*oral arms recurved 
and affixed to fixed appendages on the disk of the ventral [dorsal] 
valve," while in HtUctupnda '^the^'are regularly spirally twisted 
when at rest. " The brachia, however, in all recent species, are 
recurved and more or less spirally enrolled, except in some gera- 
tologous forms of loop-bearing genera, as CisUUa. and Gwynla. 
Therefore Hrlicfopoda^ as far as the arm structure is concerned, 
will also include the Auvylopoda. In fact, to the former he 
referred only the terebratuloids, if TlucuUnm is excluded, while 
Aiicylopnda contained all other braehiopods whether articulate or 
inarticulate forms. These sub-classes are further divided, on the 
basis of the brachia, into four orders, Anrj/Iobrachia, Crypto- 
hrarJn'a^ Srfrrohrnrhia, and Sarricohrar/tia. Of these the first 
only can be retained as a sub-order, since it includes the loop- 
bearing genera. The other orders have so heterogeneous an as« 
semblage of forms as to be of no permanent value. 

Beyond the introduction o** :h;w families, no further attempt 
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was made by writers to divide the Braehiopoda into other orders 
than Lyoponiata and Arthropomafa until 1883, when Waagen" 
published his great work on the fossils of this class from the Salt 
Range group of India. He found it '^absolutely necessary'' to fur- 
ther divide the Lyopomata and Artliropnmata each into three subor- 
ders. The basis for these suborders has no under!}- ing principle 
of general application, 3'et the divisions are of permanent value, 
for each contains an assemblage of characters not to be found in 
any of the others. Waagen's genealog}' of the Arthropomatn, 
with Orthis as the prototype, falls at once to the ground, since 
Hall" has recently shown that probably no true Orthis exists in 
the primordial. The orthis-like shells of the primordial are forms 
either with a deltidium or a spondylium (the interior spoon -shaped 
plate of pentameroids) or V)oth plates present in the same individ- 
ual. Ephebolic OrthU do not possess cither structure. ]>ut during 
nepionic and early nealogic growth may develop a deltidium, 
which, before maturity is attained, is lost by abrasion or con- 
cealed by the incurvature of the ventral beak. LiHyula^ on the 
other hand, is usually regarded as the prototype for all brachio- 
pods, but this is impossible, since a number of inarticulate genera 
flourished for ages before Lhiyula was developed. 

No classification can be natural and permanent unless based on 
the histor}' of the class (chronogeaesis) and the ontogeny of the 
individual. However, as long as the structure of the early pale- 
ozoic genera remained practically unknown and the ontogeny un- 
touched, nothing could be attempted of a permanent nature. 
Recently a work" upon paleozoic bnichiopods has been published, 
in which many of the early genera are clearly defined, so that 
their structures and geologic sequence are now more accurately 
known. The ontogenetic stud>' of paleozoic species was initiated 
two years ago by Beecher and Clarke," and the results combined 
with those derived from the development of some recent species, 
and published by Kovalewsky, Morse, Shipley, Brooks and others, 
confirm the conclusions reached through chronogenesis. More- 
over, the application by Dr. Beecher,**- *^ of the law of morphogen- 
esis as defineri by Hyatt,*' '" and the recognition and establishment 
of certain primary characters, have resulted in the discovery of a 
fundamental structure of general application to the classification 
of these organisms. It has for its basis the nature of the pedicle 
opening and the stages of shell growth. On this the author has 
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divided the class into four orders, the Atrfnvtttt^ N^iUrrmata, /Vo- 
fremata and Tdotremata. In the Atrediuifa, the pedicle passes 
* -freely from between the two valves, the opening being more or 
less shared by both," while in the Nfofremata, the pedicle opening 
is restricted to one valve, the ventral, < ^remaining open in primi. 
tive mature forms [Trematiiht], becoming enclosed in secondary 
forms during nealogic stages [DUciniiUt]^ and in derived types 
enclosed in early nealogic or ncpionic stages \^Acrutretidvt]J' In 
the Protremata, there is a deltidium (the pseudo-del tidium of 
authors), which, in the earliest primordial, appears to begin as a 
short plate covering but a small portion of the delthyrium (Kutor- 
ifina nngulata after Walcott, acdording to Beecher). This plate 
rapidly attains its full growth, closing the entire delthyrium of 
the ventral valve, as in Ch'tamhoniteg and Biflingseflay while in 
the OrtliuJd it is developed only during nepionic or nealogic 
growth. The delthyrium in the Telotremata is without any trace of 
covering during nepionic growth, but during the succeeding stages 
there grow out from the walls of the former two plates (the del- 
tidial plates) which usually meet medially, and may become 
anchylosed. 

It is remarkable that three of the four types of pedicle openings 
should appear in the earliest known horizon of the primordial, yet 
fundamental structures in other classes of organisms have devel- 
oped with c(iual rapidity. Prof. Hyatt* says '*the acknowledged 
sudden appearance of the larger number of all the distinct types 
of invertebrata in the paleozoic, and of the greater number of all 
existing and fossil types before the expiration of the paleozoic 
time, speak strongly for the quicker evolution of forms in the 
paleozoic and indicate a general law of evolution. This, we think, 
can be formulated as follows: Types are evolved more quickly 
and exhibit greater structural dilTerences between genetic groups of 
the same stock while still near the point of origin, than they do 
subsequently. The variations or ditTerences may take place 
<iuickly in the fundamental structural characteristics, and even 
the embryos may become dilTerent when in the earliest period, 
but 8ubse(|uently only more superficial structures become subject 
to great variations." All the fundamental structures, as the 
four types of pedicle openings and the various calcareous sup- 
ports of the l)rachia. were in existence during the Trenton period 
of the Lower Silurian. 
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In tracing the four types of pedicle openings to their origin, it 
is foand that the T«'lotirmuta were the last to appear, having been 
developed in the Pentanwrldee of the Pmtremata, The Atremata 
gave rise to the Nfotrrmata and Profrfmafa. Since LIngula of 
the Atremata is not the prototype for the class as it passes through 
a paterina and obolella stage, this must be looked for in a shell 
not passing through more than one stage. Paterina is this type, 
being the most primitive genus known, as well as the adult form 
representing the embryonic shell or protegulum of other brachio- 
pods. The Atremata through the TrematUhv gave origin to the 
Neotremata, while the Protremata originated in KHtorginidu, 
which is one of the first steps from the inarticulate towards the 
articulate forms. 

Of secondary value for classification the writer has relied on 
the presence or absence of a straight hinge line, internal plates, 
calcareous brachial supports, and reversional or geratologous 
development. In some families, containing chiefly rostrate 
forms, as in the Pentamerkhe and Nnrleospiridte, there are genera 
with short straight hinge lines. In other families where long 
hinges are prevalent, rostrate examples, as in the Orthida' and 
Spiriferidif, are found. The exceptions are either specializa- 
tions or reversional tendencies, and when sufficiently pronounced 
are reganled as of subfamily importance. Kxamples of ger- 
atology are present in most of the four orders, but particu- 
larly in the TerehratelUdie, where the Megnthifrlno' and Kram- 
itintmjf have partially or entirely lost their calcareous brachial 
appendages. 

The accompanying plate, (pi. v.) giving the apparent genesis 
of the families and their geological distribution, is added so that 
students can have before them on a single page a summary of the 
classification here proposed. It should l>e borne in mind, how- 
ever, that the lines are but a graphic expression of our present 
information of the class, and that future study may change their 
arrangement. * 

DalF in his Index says "from the preceding list it appears 
that about four hundred and sixty-three generic and subgeneric 
names have been rightly or wrongly associated with the group of 

•The names LhwuhtsmiidH' and Orthisiniif.r should be changed to 
Lingulasmatidsr and Ctiiamhtmitidiv. 
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Brachiopodii. * * * Of all these only about one hundred 
:ind thirty have been at all generally accepted." It should be 
stated that many of the synonyms arc errors in composition and 
corrections in orthography. 

In the following list there are two hundred and seventy-seven 
valid genera or subgenera, a growth of more than twofold since 
the date (1877) of Dall's Index. Forty-seven families or subfami- 
lies are here recognized, while in that list there are but eighteen. 

An analysis of the table of geological distribution shows con- 
clusively that the class attained its climax of diversity during 
paleozoic time. In the lower third of the primordial, the Olenel- 
lus horizon, three of the four orders are alreadj' present, while 
the fourth originates in the lower portion of the Lower Silurian. 
Not even a single suborder was introduced subsequent to the 
Lower Silurian. Of the forty-seven families and subfamilies con- 
stituting the class, thirt^'-six became differentiated in the paleo- 
zoic, and of these, twenty-seven disappeared with it, while but 
nine continued into the mesozoic. Of paleozoic families, six are 
represented by living species, viz. : Lhigulidoi^ DUHnidve^ Cra- 
iiiidd'^ Thi'ciduihv, RhynchnnvUida'^ and Ti'twhratulida:. 

Of the two hundred and seventy-eight genera now in use, one 
hundred and eighty-six had their origin in paleozoic seas, or two- 
thirds of the entire class, and of this great number but seven are 
known to pass into the mesozoic, viz. : Linguln^ Orhiculoidea, 
Crania, Spiri/friita, Atfu/rt's, Ture.bratula^ and Hemiptychxna, 
Besides these, Cyrtina and Rttzia are often mentioned as occur- 
ring in the Triassic, but the species probably belong to other 
genera. 

In the primordial, brachiopods are not numerous. They usu- 
ally differ fundamentally from each other, and do not appear to 
have been persistent, as but four of the twenty-two genera pass 
into the Lower Silurian. In the Silurian and Devonian, the class 
is very prolific in species and genera. Of the fifty-one genera 
occurring in the Carboniferous but seven are known to have sur- 
vived the break between the paleozoic and mesozoic. During the 
latter period, the spire-bearing brachiopods pass out of existenoe, 
while the great paleozoic suborder Thecacea is represented by a 
few small species of the Thfcldiida- which continued to be repre- 
sented up to the present time. The Tt-nbiatnlida- had their in- 
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ceptioii in the Lower Silurian, but are not a pronounced paleozoic 
group. However, on reaching the Jurassic and Cretaceous, the 
rocks fairly abound with their shells, and from that time on they 
are the chief representatives of the class. Lingula and Crania 
are present in the Lower Silurian, and as far as can be determined 
have persisted to the present time. 

The Afremata, which contains the oldest and the simplest 
forms structurally, is represented by twenty-four genera, while 
the Neotremata and Protremata originating almost simul- 
taneously from the former have thirty-one and eighty-two, re- 
spectively. The Telotrenmta had its origin in the Neotreniata. 
It is the last order to appear, and has by far the greatest number 
of genera, one hundred and thirty-eight. 

To Dr. C. E. Beecher the writer is indebted for many valuable 
suggestions, as well as for the careful reading of the manuscript 
of this paper. 
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Synonyms are in brevier under the name to which they are referred. 

An lnterro)?atlon mark before a name indicatef* that the family or fnibordinal relation 
is in doabt. 

BRACHIOPODA. 

(Cuvier 1802), Dumeril 180t>. 
Spirobranchiophora, Gray 1821 ; Palliobranchiata, Blainville 1824; 
Branchiopoda, Risso 1826 (not Latreille); Brachiopodidae, Broderip 
1839; Branch ionoiHxia, Agassiz 1847; Brachionacephala, Bronn 1862; 
Hpirobranchia, Ilaeckel ; Branchionobranchia, Pietel 1875. 

Subclass LYOPOMATA, Owen 1858. 
Helictopoda (part), and 8arcicobrachia( part), Gray 1848, King 1850; 
Pleu ropy gia, and Ecardinesi, Bronn 1862; Tnarticulata, Huxley 1864; 
Tretentorata, King 1873. 

Order Atremata,* Beecher 1891. 
Mesokaulia, Waagen 1885. 

1. Family F.vterinid^.,! n. fam. 
Paterinji, Beecher 1891. 

2. Family Obolid^,: King 1840. 

Obelus, Eichwald 1829. 

Ungula, Pander 1830. 
Ungulites, Bronn 1848. 
Aulonotreta, Kutorga 1848. 
Acritis, Volborth 1868. 
Schmidtia, Yolborth 1869 (not 
Bals-Criv. 1863). 

*Thi8 order \» characterixcHl by the pedicle pasning out freely between the valves, while 
in the Nbotrbmata it in rentricted to one valve emerging through a variouKly modifled 
opening. 

fPaferina^ of the lowest primordial, it) the simplest shelled condition of brachiopoda 
known. Its growth iinefi show that it does not pass througli distinct stages of growth in 
the shell as du all other families of this class. Nearly all brachiopods bejgln their shelled 
existence with a paterina-llke stage. The protegulum or embryonk shell, of the 
Brachiopoda is minute, and therefore usually not observable on mature specimens, but 
where well-pre»«erved young, either fossil or recent, have been accesHible it is alwaya 
seen to be present. Inarticulate species or the dorsal valve of articulate forms often 
retain it in the mature condition. The protegulum is homologous with the protoconch 
of cephalopods and gastropods and the prodTssoconch of pelecypods. Paterina^ there- 
fore, repretientH a form of growth common to the protegulum and nepionic stages of the 
majority of brachiopods. 

tThelingula-sliaped shellH with olmlelloid interiors, the Linoulellidje, are removed 
from this family since it is verv probable that from them developed the Linouudjb. In 
this connection, the writer wisnes to state that Linguteila^ as here understood, is baaed 
on L. ctttata Hall, sp., and L. ella Hall and Whitfield. 

The ot>olelloidH are thicker, more calcareous, and rounder nlielln than the Linoulbll- 
iDiC, and in all probability gave origin to the Trimehcllii)^:. 



Obolella, Billings 1861. 
IMcellomus, Hall 1871. 
Elkania, Ford 188(). 

Neobolus, Waagen 1885. 

? Spondyiobolus, McCoy 1852. 



Clarification of the lirachlojwda. — Schveherf. 149' 



8. Family TRiMERKLLiDiC, Davidson and King 1874. 



? Lakmina, (Ehlert 1887. 

Davidsonella, AVaageii 188") 
(notMunier-Chalmns 1880). 
Dinobolus, Hall 1871. 

(^onradia, Hall MH. 1862. 
Obolellina, Billings 1871. 
Ungulites, Quenstedt 1871 
(not Bronn 1848). 



Monomorella, Billings 1871. 
Trimerella, Billings 1862. 

Gotlandia, Dall 1870. 
RhvnolK)lu8, Hall 1874. 



2'. Family JiiNuuLEUJDi*:,* u. fam. 



Lingulella, Salter 1866. 
Lingulepis, Hall 1863. 
Leptobolus, Hall 1871. 



Paterula, Barrande 1879. 

('yclus, Barrande 1879. 
?Mickwitzia, Schmidt 1888. 



2". Family Linoulid-*:, Gray 1840. 



Lingula, Brugui^re 1792. 

Pharetra, Bolton 1798. 
Lingularius, Dunieril 180G. 
aiossina, Phillips 1848. 



Dignomia. Hall 1871. 
Glottidia, Dall 1870. 
Barroisella. Hall 1892. 



Thomasina, Hall 1892. 
3'. Family LiNoi:LASMATii)i*:,t n. fam., Winchell and Schuchert. 



Lingiilops, Hall 1871. 



Lingnlasma, Ulrich 1889. 
LingiilelattniH, Miller 1889. 



Order Neotremata,t Beecher 1S91. 

Suliorder Daikaulia,^ Waagon 1885. 

1. Family TaKMATiDi*:, n. fam. 
Discinolepis, Waagen 1885. I Scbizobolus, Vlrich 1886. 



*8ee foot-note to the OBuLtDi£. 

tThe flpecies of thiH family are platform-bearing Iinffula>. Interuall} their relations 
are with the TRumuBLLiDiB. but the elongate shape and rtronglv phosphatic nature of 
their shells combined with tneir later appearance in geologic time give strong support 
to the view that they have originated from another phylum, the LiNOULiDjfc, rather than 
that which gave rive to the TrixbrblliDvE, the OBOLiDiV. 

^"Pedicle Assure remaining open in primitive mature form^, becoming enclosed in 
secondary forms daring nealogic stage>«, and in derived types enclosed in early nealogic 
or nepionic stages." 

fThe suborder Daikaulia contains the inarticulate uncemented npecies in which the 
paaaage for the pedicle is throueh one valve during all nealogic and ephebolic stages of 

SrowtQ. In the TRKMATiDiC i» probably indicated one ox the first steps from the 
(BouDiB towards the Acbotrctidje. Succeedine growth to the protegulam, in the 
former family, is not holoperipheral, but ceases at its straight cardinal line, 
leavingi posterior to the protegulam, a more or lens wide triangular notch in the ventral 
▼alve. In the Dibcinid^, ear^^ n-owth is as in the TRSMATiDiS, but before maturity is 
attained the two sides of the pedicle passage are gradually brought together, forming a 
long narrow depression in the shell, at the anterior end of^ which the pedicle emergen. 
The redaction in size of the pedicle notch progressed rapidly in the Acrotrktidje to- 
wards a small circular perforation. In these families, the protegulnm is invariably sit- 
uated at the anterior end of the pedicle passage, wliile in the dorsal valve it is marginal. 
In the SiphonotrbtiDjC. during younger stages of growth, the pedicle opening was 
probably marginal, but long beK)re maturity is attained the opening io carried anteriorlv 
through the protegulum and neoionic growth by resorption of the nhell, while a deposi- 
tion takes place posteriorly unnerneatn the pedicle. 
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Trematis, Sbarpe 1847. 

Orbicella, d'Orbigny 1847. 
Schizocrania, Hall and Whit* 

field 1875. 



(EhlerteUa, Hall 1890. 

Lingulodiacina, Whitfield '90. 
? Monobolina. Salter 1865. 



2. Family Discinid.*, Gray 1840. 
Orbiculidas McCoy 1844. 



Orbiculoidea. d'Orbigny 1847. 
Schizotreta, Kutorga 1848. 
Lindatrcemella, Hall 1890. 
Rtemerella, Hall 1890. 



Discina, Lamarck 1819. 

Orbicula, Stmerby 1830 (not 
(kivier 1798). 
Discinisca. Dall 1871. 



2'. Family Acrotretii>.«, n. fam. 



Iphidea, Billings 1872. 
Acrothele, Linnarsson 1876. 
Linnarssonia, Walcott 1885. 
DiBcinopsis (Matthew), Hall 



Acrotreta, Kutorga 1848. 
Conotreta, Walcott 1889. 
? Mesotreta, Kutorga 1848. 
? Volborthia, von Mnller 1873. 



1892. 

:5. Family SipnoNOTRKTn).«, Kutorga 1848. 



Siphonotreta, de Verneuil 1845- 
«Schizambon, W^alcott 1884. 
»^chiznmboiiia, (Khlert 1887. 



? Keyserlingia, Pander 1861. 
? Helmersenia, Pander 1861. 



Suborder GasteropSgrmata, Waagen 1885. 

Family Craniid.*, King 1846. 
Orbiculte, Deshayes 1830; ('raniada% Gray 1840. 



Omnia, Retzius 1781. 

Niimmulus, Stobiuus 1732. 
(^riopus, Poll 1791. 
(Viopoderma, Poll 1795. 
Orbicula, Cuvier 1798 (not 

Sowerby 1830). 
Orbicularius, Dumeril 1806. 
<'raniolites, Schlotheim 1820. 
Discina, Tiirton 1832 (not 

Lamarck 1819). 
Oiopododerma, Agassi/. 1846. 
Choniopora, Schauroth 1854. 



Craniella, (Ehlert 1888. 

Cardinocrania, Waagen 1885. 

Ancistrocrania, Dall 1877. 

Cranopsis, Dall 1871 (not A. 
Adams). 
Craniscus, Dall 1871. 

Siphonaria, Quenstedt 1851 
(not 8owerby). 
Pholidops, Hall 1860. 

Craniops, Hall 1859. 
Pseudocrania, McCoy 1851 . 

Palfeocrania, Quenstedt 1871- 



Subclass ARTHROPOHATA, Owen 1858. 
Helictopoda (part), Hareicobrachin (part), Ancylopoda and Acylo- 
brachia, Gray 1848 ; Apygia, Testicardines, Lineicardines and Denti- 
•cardines, Bronn 1862; Articnlata, Huxley 1864; C-listenterata, King 
1873. 
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Order Protremata, * Beecher 1 89 1 . 

Suborder Trullacea,t n. suborder. 

Aphaneropegmata (part), and Productacea (part), Waagen 1883; 
^leutherobranchiata (part), Neumayr 1883. 

1. Family Kutoboinid«,{ n, fam. 
Kutorgiaa, Billings 1861. | Schi^^pholis, Waagen 1885. 

2. Family CLiTAMB0NiTiDiE,2 n. fam., Winchell and Schuchert. 
Orthisida* (part), d'Orbigny 1849; Orthisinw, Waagen 1884. 



Clitambonites, Pander 1830. 

Pronites, Pander 1830. 
Gonambonites, Pander 1830. 
Orthisina, d'Orbigny, 1847. 
PolvUiKjhia. Hall 1892. 



Protorthis, Hall 1892. 
Hemipronites, Pander 1830. 
Scenidium, Hall 1860. 

^Mystrophora, Kayaer 1871. 



2'. Family Pkntamkrii).«, McCoy 1844. 

Hypothyrida' (part), Khig 1850; Pentamerida', Hall 1867 ; Oaniero- 
phoriinH' and Pentamerinu', Waagen 1883 ; Stenochismatina* and Con- 
chidiinas CKhlert 1887. 

*8onie of the oldeMt form v of this order have at maturity an Incomplete deltidiam, 
which rapidly attained itt» full development, no that in otiier npecien it c6vers the entire 
delthyrlam of the ventral valve. In the ORTHiDiS, the deltidium is nsually absent or ni- 
dimentary at matarity, hut may be present in the nepionic and sometimes in early nealo- 
gic stages. 

t rru/Za, a scoop. Having reference to the spoon-shaped plate in the ventral valve 
(^^spondylium"' of Hall), to the upper surface of which were attached the adductor, ventral 
peaicle and divaricator masclee. 

The species of this suborder are theearliest articulate forms known. In the lowest 

Srimordlal, there are long-hinged and rostrate forms, having usually a spondylium and 
eltidlum. These structures are regarded as of prime importance in classification, and 
species possessing them are.therefore placed at the base of the Arthropomata, and are 
considered as ancestral forms for all articulate genera. After these parts are fully devel- 
oped, the tendency, in geologic sequence, is to eliminate the spondylium, retaining the 
deltidium in the Thecacka, while in the FBHTAMEHiDiK the reverse has usuallv taken 
place. Forms wider than long , having a spondylium and usually a deltidium, the Cli- 
TAMBOMinUiB, became extinct with the^evonian, while the rostrate genera, in which the 
deltidium is commonly rudimentary or absent, persist to the close oi the paleozoic age. 
Those forms with a deltidium and no spondylium, the Thecacka, appear to be present in 
the lowest primordial, but are not characteristic until the upper thira is attains, and are 
still living In Theeidium. At the base of the Lower Silurian, species are developed 
without euher of these structures, the Orthid^, passing out of existence with the pal- 
eozoic. The RHYMCuoMBLLiOiB were in all probability derived from the Pbntanbrid.«, 
and from them developed almost Himultaneously the Hblicopbomata and Amcylobha- 

Cf&IA. 

tThe genera referred to this family have usually been placed among the Lyopomata. 
Kutor^na cingulata^ Billings, the type of Kutoraina, as described and illustrated by 
Walcott (Bull. no. 80, U.S. Geol. SurV.), has more the characters of an articulate than an 
inarticulate brachiopod. This species has rudimentary articulating processes. Good 
examples of It show that the lateral walls of the ventral cardinal area are linear, increas- 
ing in width towards the line of junction of this valve with the dorsal, and it is nere that 
the rudimentary teeth are situated. In ScMzopholU^ the rudimentary cardinal walls of 
K^orgina are fully developed, the delthyrium is reduced to a narrow triangular Assure, 
which in the latter nearly occupies the entire posterior area. Beecher has also 
obserred that A', eingnlata has a snort, perforated, deltidium in the apical portion of the 
ventral valve. 

fThis family is proposed for the lone-hinged forms with spondylia, the niajoritv of 
which also have a well-developed deltidium perforated for the pastta^e of the pedicle. 
The Pbntambrid^ in restricted to the rostrate forms of essentially the same internal 
Jtructnre, with the deltidium UHually entirely or partially obsolete in adult specimens. 
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Camarella (part), Billings 1859. 

Anastrophia, Hall 1867. 

Brachymenis, Hlialer \^^y 
<not Dej. 1834). 
Conchidium, Linm* 17(50. 

Pentamerus, Sowerby 1813. 

Pentastfere, Blainville 1824. 

Gypidia, Dalman 1828. 
Pcntamerella, Hall 18(17. 

Oypidula, Hall 18()7. 



Amphigenia, Hall 1867. 
Camaropboria; King 1850. 

St<>nochi8ma, Dall 1877 ; O*:!!- 

lert 1887 (not Conrad 1839). 

Stricklandinia, Billings 1863. 

Htricklandia, Billings 1859. 
Sieberella, (Ehlert 1887. 

Antirhynchonella, Qnenstedt 

1871. 

Lycophoria, Lahusen 1885. 



*5. Family PoRAMBONiTiD.t:. IXividson 1858. 

Porambonites, Pander 1830. 

Priambonites, Agassiz 1847. 
Isorhynchus, Kin^ 1850. 

Suborder Thecacea.* n. suborder. 
Aphanero(>egniata (part), ProductaeeR,('()ralliopsida,and Kampy- 
lopegmata (part), Waagen 1883; Eleutherobraiiehiata (part), Neu- 
mayr 1883; (Vyptobrachia (part), Gray 1848. 

Family BiLMNcisELLiDif:,! n. fam. 
Billingsella, Hall 1892. 

Family STROPiKhMENiDi*:. King 184(>. 

Subfamily Ortii()TIIEtin.«j Waagen 1884. 
StrophomtMiiim' (part), Waagen 1884. 
? Orthidium. Hall 1892. | Kayserella, Hall 1892. 

Strophomena. Blainville 1825. ! Derbya. Waagen 1884. 

HemiproiiiteH, Meek 1872 (not i Meekella, White and St. Johiv 



Pander 18:^). 



1870. 



*ThecUy a cover. Havinff reference to the deltidiiiiii of one piece coveriutf Uie delthy- 
riam or trianenlar fiH«ure in the apical portion of the ventral valve. Toe Thkcaoba 
differ chiefly from the Trullacba, from which they were derived, in being without the 
complete internal spoon or epondylium. See note to Tkullacba. 

fThose primordial Hpecien essentially orthoid in structure, but with a larjre deltidinm 
and a more or lens complete chilidinni, have been referred to Biiling«eUa by Hall. The 
writer is of the impresnion that BUUngaeUa or some closely allied genua gave origin to 
the OnruiUif:, and that the former were derived from some species also having, in addi- 
tion to the above mentioned characters, a spondylium, or essentiallv a ClUambonitea, 
The progression towards OrihU from Vlit^mbonitM appears to have been in first elim- 
inating the spondylium by attaching it to the bottom ot the ventral valve, thus forming 
the dental plates and the somewhat elevated muscular area of Billingtella. The nen 
step is to remove the deltidium and chilidium and to develop a more pronounced cardinal 

frocess to produce an OrthU. This is the course of development in geologic sequence, 
n Orthut a^erta Conrad, sp., there is a deltidium, which in some individuals is Urge 
and in others covers but one-half the delthyrium. In mature O. tricenaria Omrad and 
0. Mctiuella Emmons, of the Trenton formation, there is present a small convex del- 
tidium and chilidium which in species of later faunas become nepionic characters and 
anre obsolete during nealogic and ephebolic zrowth. 

The STROi'HOMENiDif: may alno have had their origin in some forn\ relatfed to BUtingM- 
flla^ but the data are a» yet insufficient to e!«tabli^h (Heiirly its line of development. 
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♦Orthothetes, Fischer de Waldh. i ? ?Badiotella, Bittner 1S90. 
1887. 
Orthis, King 1860 (not Dnl- ■ Triplecia, Hall 1859. 

Dicraniscus, Meek 1872. 



man 1828). 



Hipparionyx, Vanaxem 1843. 
.Streptorhynchus, King 1850. 



Mimulus, Barrande 1879. 
Streptis, Davidson 1881. 



Subfamily RAFiNESQriNi*:,* n. subfani. 

l-.epta'nacea, Brail n 1840; ()rthi8ida» (part), d'Orbigny 1847; David- 
sonidse, King 1850; StrophomeniniP (part), AV'aagen 1884. 



Rafinesquina, Hall 1892. 

jLeptaena, Dalman 1828. 

Leptagonia, McCoy 1844. 
Strophomena, Meek 1873 (not 

Blainville 1825). 
Pleetambonites, O^hlert 1887 

(not Pander 1830). 
;Stroplieodonta, Hall 1850. 

Brachyprion, Shaler 1865. 
Douvillina, (Ehlert 1887. 
Leptostrophia, Hall 1892. 

Pholidostrophia, Hall 1892. 

.Sirophonella, Hall 1879. 



Amphistrophia, Hall 1892. 

Leptella, Hall 1892, 

PlectamboniteSj Pander 1880. 

Lepttona, Davidson 1853 ; 
CEhlert 1877 (not Dalman 
1828). 

Tropidoleptus, Hall 1859. 
? Vitulina, Hall 1861. 

Leptienisca, Beecher 1890. 
Christiania. Hall 1892. 
Davidsonia. Bouchard 1847. 



Subfamily Cad().melli.nm=:. Munier-Chalmas 1887. 
^adomella, Munier-Chalmas 1887. 



Family TnECii)in).*:,t (jray 1840. 

Subfamily Thecidiina:, Dall 1870. 
Thecidium, Sowerby 1824. 
Thecidia, Defrance 1822. 
Lacazella, M.- Chalmas 1880. 

'Thecidiopsis, M. - Chalmas 1887 
'.Thecidella, M.- Chalmas 1887. 



i Kudesella, M.- Chalmas 1880. 

Pterophloios, (liimbel 1861. 

Baotrynium, Emmerich 1855. 
(In error. Xot Bactrillium, 
llerr. ) 
Davidsonella. M.- Chalmas 

1880. 



*The relative form of the valves in this subfamily, with one exception, Strophonella^ 
Is the reverse of that in the Orthothktin.f.. The valvoti art^ nearly always one convex 
(ventral), the other concave (dorsal), causing the visceral cavity to be very shallow. The 
• cardinal process is also somewhat differently constrncted. 

tThe THBciDiiDiB usually are placed with or near the TisREBRATULiDii:. Beeclier 
.has shown (Amer. Jour. Sci., vol. xliv, p. 141, 189:i) that their afflnities are with the 
•atrophomenoids. There are no calcareous brachial supports nor deltidial platee in 
Th^dium^ as are more or less completely developed in all terebratuloids. The charac- 
'teristic markings of the dorsal valve are homologous with those in LfpttrnUra^ David- 
^tonia, and the so-called "reniform markings'"' of the Pbodih^tid.k. 
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Subfamily Lv'TTONiiNiK, Waagen 1888. 



Lyttonia, Waagen 1888. 
LeptoduH, Kayser 1882. 



Oldhamina, Waagen 1883. 



Family ProductiDvE, (rray 184U. 
Productina, Giebel 1846; (-honetinie and Productinae, Waagen 1884. 



Cbonetes, Fiscber de Waldb. 

1837. 

LeptaMia, McCoy 1844 (not 
Dalman 1828). 
Anoplia, Hall 1892. 

Cbonetella, Waagen 1884. 

Cbonostropbia, Hall 1892. 

Cbonetina, Krotow 1888. 

Cbonetella, Krotow 1884 (not 
AVaagen 1884). 
Daviesiella, Waagen 1884. 

Productella, Hall 1867. 
Productus, Sowerby 1812. 
Pyxis, Chemnitz 1784. 



Producta, G. B. Howerby 1825. 
Arbusculites, Murray 1831. 
Protonia, Linck 1830 (not Ra- 

finesque). 
Marginifera, Waagen 1884. 
Proboscidelia, (Ehlert 1887. 

Etberidgina, OSblert 1887. 

Ohonopectus, Hall 1892. 

Strophalosia, King 1844. 

Ortbothrix, Geinitz 1847.. 
Tjeptrenulosia, King 1845. 
Aulosteges, Helmersen 1847.. 

? ? Aulaeorbynchus, Dittmar* 

1871. 

Isograrnina, Meek and W. 
1873. 



Family Riciitiiofknii)^., Waagen 1885. 
Riobtbofenia, Kayser 1881. 

m 

Family Orthid.*,* Woodward 1852. 

OrtbisidR' (part),d'Orbi^ny 1847; Orthinir and Enteletina?, Waagen« 
1884. 



Ortbis, Dalman 1828. 

Ortbainbonites, Pander 183<). 
j Plectortbis, Hall 1892. 

"( Hebertella, Hall 1892. 
Sebizopboria. King 1850. 
Ortboticbia, Hull 1892. 
Enteletes. Fiscber de Wald, 
1880. 
Syiitrielasina, Meek 1865. 



\ 



Dinortbis, Hall 1892. 
Pl«8iomys, Hall 1892, 
Ortbostropbia, Hall 1883.. 
Dalmanella, Hall 1892. 
Heterortbis, Hall 1892. 
Bilobites, Linne 1775. 

DicfL'losia, King 1850, 
Rbipidomella, (Eblert 1890. 

Kbipidomys, (Eblert 1887 
(not Wagner.) 
Platystropbia, King 1850. 



♦It i.«* not intended, by placing the Ortiiid.« at the end of the order Protkbmata. to 
sii^jjent an aberrant develonraent or their derivation from the pRODUCTiDiW, for It is oe- 
lieved that the orthoid »«tocK had it9 origin in the BiLLiNiiMBLLin.c:. All orthoids are with- 
out the ttpondylinni of the Trullacea, and cannot, therefon*, be place<l in that Buborder, 
while the absence of a deltidinni at mnturlty places the ORTHiD^e after tho^e families 
haviti}? thiH plate in all Htagen of growth. For other observations nee note to Bilumgs— 

ELLID.f-:. 
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Order Telotrematta/ Beecher 1891. 
Kampylopegmata (part), Waagen 1883; Pegmatobranchiata (part), 
Neumayr 1883. 

Suborder RostraC6a,t n. suborder. 

Family llHYNCHoxELLiDiB, Gray 1848. 
Ilypothyridw (part), King 1850; Uhynchonellinfle, Waagen 1883. 



Rhynchotrema, Hall 1860. 
Rhynchotreta, Hall 1879. 
Uncinulus, Bayle 1878. 
Hypothyris, King 1846 (not 

Phillips 1841). 
Stenochisma (Conrad 1 S39). 

Hall 1867. 

Leiorhynchus, Hall 1860. 

Rhynchoporina, (Ehlert 1887. 

Rhynchopora, King 1858 ( not 
Illiger and Latreille). 
Terebratuloidea, Waagen 1883. 

Acanthothyris, d'Orbigny 1850. 

Norella, Bittner 1890. 

Hemithyris, d'Orbigny 1847. 

Peregrinella, (Ehlert 1887, 



Rhynchonellina, Gemmellaro 

1871. 

Dimerella, Zittel 1870. 

Cryptopora, Jeffreys 1869. 

Atretia, Jeflfreys 1876. 
Neatretia, (Ehlert 1891. 
Rhynchonella, Fischer de Wald. 

1809. 

Oxyrhynchus, LIhwyd 1699 

(not Aristotle). 
Rhyngonella, Bronn 1849. 
Bicornes, Quenstedt 1851. 
Uncinulina, Bayle 1878. 
Halorella, Bittner 1890. 
Austriella, Bittner 1890. 

Eatonia, Hall 1857. 

? Branconia, Cagel 1890. 



?Family KirnwALi)iii>i«,J n. fam. 



Kichwaldia, Billings 1858. 
Dictionella, Hall 1867. 



*The TcLOTKifNATA during nepionic and early iiealoKic fprowth have an open triangular 
flesare or delthyriuni in the apex of the ventral valve through which the pedicle emerged. 
In later uealogic and ephebolic growth, the fl^oare is more or lees closed anteriorly 
through the development from the mantle of two plates, one from each wall of the del- 
thyrinm, which osnally coalesce centrally. These plates are known as the ^Meltidial 
plates.'" In such forms as Cyrtia^ Cyrtina, and Syringothyris, where the ventral cardinal 
area U very high, the deltidial plates are anchylosed, the mantle in this region becoming 
continuous and the plate growing as one piece. The Tblotkbxata, therefore, develop a 
covering to the delthyrium in an entirely different manner from the other orders during 
nealogic and ephebolic growth. 

iR09irumy a beak. The genera of this suborder are rostrate shells without a spon- 
dyliam or any calcareous brachial supi>orts other than short or long, straight or sligntlv 
curved, freely terminating crura. In tne Uelicopeqmata, the latter consists of two cal- 
careons spiral lamellee, while in the Ancylobrachia there is a loop. 

tThe genua ^<cAfra/c/to is very peculiar in not bavinir a distinct articulation of the 
valves as in other Arthropomata and further in the Siphonotreta-like pedicle open- 
ing. These ch.iracters are considered by some writers to indicate affinities with the Ly- 
OFOMATA, and it is to this subclass the genus has been doubtfully referred by authors. 
In Eichwaidia there is, however, a method by which articulation takes place consisting 
of narrow grooves along the lateral edges on the dorsal valve and corresponding ridges 
or teeth in the ventral. 

The writer thinks that Eichwaidia had its origin either in the Ruynchoneli.id.f. or 
PkntamkriI)^, and not directly through any inarticulate phylum: that the peculiar ped- 
icle opening is a modiflcation of the open or closed triangular delthyrium of rostrate 
species, just as the nepionic circular foramen in Siphonotreta becomes changed to 4in 
elongate fissure by prog^«»)ing anteriorly through the nhell. 
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vSubonler HeliCOpegrmata. ^ Waagen 1888. 
Spiriferacea, Waagen 1883. 

Family ATRVPiDi«,t Dall 1877. 

Subfamil}' ZvoospiRiNiE, Waagen 1883. 
Anazygida* (part), Davidson 1884. 
Zygospira, Hall 1862. Glassia, Davidson 1882. 

Stenocisma, Hall 1847 (not (^elospira, Hall 1868. 

Conrad 1839; Hall 1867). Lept<K?ti»lia, Hall 1867 (not 

Anazyga, Davidson 1882. ' 1859). 



Orthonomam, Hall 1858. 



Anoplotheea, San(U)erger 1856 



Subfamily AxRVPiNiE, Waagen 1883. 



Atrypa, Dalman 1828. 

Cleiothyris. Phillips 1841 (not 

King 1850). 
Spirigerina, d*()rbigny 1847. 



(friinewaidtia, Tschernyschew 

1885. 
? Karpinskva, Tsch. 1885. 



Family Spiriferid^jJ King 1846 (emend Davidson). 

Martiniinn' and ReticulariinaN Wnagen 1SK3; Spiriferinidii\ David- 
son 1884. 

1. Subfamily SiiEssiiN.*:, Waagen 1883. 



Cyrtina, Davidson 1858. 
Delthyris, Dalman 1828. 
Spiriferina, d'Orbigny 1847 



Suessia, Deslongchamps 1854. 
.Mentzelia, (^uenstedt 1871. 



r. Subfamily rNciTiN.*:, Waagen 18H3. 
Uncites. Def ranee 1825. 

2. Sul)familv Trkioxotrktin.k. n. subfam. 
Delthyrina' (part), Wnagen 1888. 



Cvrtia, Dalman 1828. 
Syringothyris, Wineliell 1863. 
Spirifer, Meek and H. 1804. 
Martinia, MeCov 1844. 

7 ft. 



Spirifer, Sowerby 1815. 

Choristites, Fischer de Wald. 

1825. 
Trigonotretn, Koenig 1825; 

Meek and Hayden 1864. 



*The IIklicovkumata are diHtinguished in having two calcareous, Him pie or double, 
spirally enrolled, brachial tupportn, which mar or may not be attached to each other by a 
variously conntructed hand or "loop.*' The (lirectlon of the npirals, their connection 
with the hinge plate and the nature of the loop are considerea of prime importance in 
clasaifyint; tn<* genera of thi>« suborder. External characterH are not alwayj) even of 
generic value. 

tin thin family the apices of the brachiaare medially or dorsally directed. The loop 
in the ZYuonrtKiNiC in a simple connecting band, which in adult ATRTPiXiB isdlsuni^eo, 
having free ends. In the ATHYPiOiE and Spikiferid.c, the primarv lamella^ areatraight 
from their attachment to the crural nlate to near the anterior margin, and do not recurve 
near their point of origin, as in the Nuci.EOSPiRiDiC and Athtrid.b. 

{The SpiRiPKRiPvf: are usuallv much elongated along the hinge line, have postero- 
laterally directed brachia joined bv a V-shaped loop in the Subssiin.v and UNcrrurjB, 
while in the TiiiuoxoTRBTiNiK the loop is obsolescent and consi'tts of two pronga ter- 
minating freely, one attached to each primary lamella. 
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Martin iopsis, AVaagen 1883. 
Amboccdia, Hall 186U. 
Retieularia, McCoy 1844. 



Spiriferus, Klainville 1827. 
Spirifera, J. de 0. Sovverby 

1835. 
Brachytliyris, :Mc( .oy 1844. 
Fusolln, McCoy 1844. 
Hysterolithus,Quenstedt 1871. 



Family Nucleospirid^,* Davidson 1882. 

Ketziina* and Dayintv, Waagen 1883; Anazygidjo (part), Davidson 
1884. 



Dayia, Davidson 1882. 
Hindella, Davidson 1882. 
Nucleospira, Hall 1858. 
Retzia, King 1850. 
Trigeria, Bayle 1878. 



Rhynchospira, Hall 1859. 
Trematospira, Hall 1857. 
Eumctria, Hall 1864. 
? Acambona, White 1802. 
? Uncinella, Waagen 1883. 



Family Athyrid.^,! Phillips 1841. 
1. Subfamily Atiiyrfn^, Waagen 1883. 



Meristina, Hall 18G7. 

Athyris, Davidson 1853 (not 
:\lcCoy 1844). 

AVhitfieldia, Davidson 1882. 
Bifida, Davidson 1882. 

Athyris, McCoy 1844. 

Actinoconchus, McCoy 1844. 

Hpirigera, d'Orbigny 1847. 

Euthyris, Quenstedt 1871. 
Anomactinella, Bittner 1890. 

Cleiothyris, King 1850 (not 

Phillips 1841). 

Seminula, McCoy 1841. 



Spirigerella, Waagen 1883. 

Dioristella, Bittner 1890. 

Amphitomella, Bittner 1890. 

Plicigera, Bittner 1890. 

Tetractinella, Bittner 1890. 
Pentactinella, Bittner 1890. 
Kayseria, Davidson 1882. 

Diplospirella, Bittner 1890. 

Euractinella, Bittner 1890. 
Pexidella, Bittner 1890. 

Anisactinella, Bittner 1890. 



1.' Subfamily MERisTELLiNiK, Waagen 1883. 



3Ieristella, Hall 1860. 
Pentagonia, Cozzens 1846. 

Gronioeoelia, Hall 1861. 
Charionella, Billings 1861. 



Merista, Suess 1851. 

Camarium, Hall 1859. 
? Clorinda, Barrande 1879, 



♦In the NucLEOspiRiD,*: and ATHYRiDi« th*^ brachia are directed laterally. The primary 
Umelli€ are ntraight but for a nhort diutauce from their point of attachment, then oendlug 
Iwckward, recurve to form the spiral cones. In the SnnirEiuD.K they remain direct. 

The apex of the V-shaped loop in the NucLSoapiRiD.f: terminater* in a moreorlesu long 
'eimple process, which may be hooked at its outer end. 

tThe apex of the V-nliaped loop has two processes which, in the Atuyrin.«, are first 
short and then become elongated to such an extent that they enter l)etween the tlrnt and 
second revolution of the primary lamellae of each cone, and in some genera continue to 
the apex of the brachia. In the Meristkllin.«:, the two procef^ses of tne loop l>end upon 
themselves, return, and join at their point of origin, thu^ re^embiing tlie handles of a 
pair of scissors. 
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Family KoNiNCKiNiDiE, Davidson 1853. 
Koninckininai and Amphiclinina?, Waagen 1883; Diplospidse and 
Biplospiridyp, Munier-Chalmas 1880. 



Koninckina, Suess 1853. 
Amphiclina, Laube 1865. 
Koninckella, M.-Chalmas 1880. 



? Thecospira, Zugraeyer 1880. 
? Amphiclinodonta, Bittner 
1890. 



Suborder ANCYLOBRACHIA,'' Gray 1848 (Emend). 
Ancylopoda and Cryptobrachia (part), Gray .1848; Kampylopegmata 
and Terebratulacea, Waagen 1883. 

Family Terebratulid.*, Gray 1840. 

Subfamily CENTRONELLiNi*:, Waagen 1882. 
^leganterina*, AVaagen 1882. 



Hallina, W'inchell and Schuchert 

1892. 
Rensselaeria, Hall 1859. 
NewbeiTia, Hall 1891. 

Rensselandia, Hall 1867, 
Meganteris, Suess 1850. 



Centronella, Billings 1859. 

Cryptonella, Hall 1863 (not 
1861,1867.) 
Cryptonella, Hall (1861?) 1867. 

Juvavella, Bittner 1888. 

Nucleatula (Zugmayer) Bittner 

1890. 

? Notothyris, Waagen 1882. 



Subfamily STRrNoocEPHALiN.^, Dall 1870. 
Stringocephalidto, King 1850; Davidson 1853. 



Stringocephalus, Def ranee 1827. 

Subfamily Terebr. 
Dielasma, King 1850. 

Epithyris, King 1850 (not 

Phillips 1841). 
Seminula, McCoy 1855 (not 

1844). 
Diclasmina, Waagen 1882. 

Terebratula, Llhwyd 1699. 

Sacculiis, Llhwyd 1699. 
Lampas, ^leuschen 1787. 



? Cryptocantbia, W^hite and St. 
John 1868. 



ATULix.E, Dall 1870. 

Glossothyris, Douville 1880. 

Pygope, Link 1830. 

Diphyites, Schroter 1799. 
Pugites, de llann 1833. 
Antinomia, Catullo 1850. 
? Propygope, Bittner 1890. 

Liothyrina, (Ehlert 1887. 

Epithyris,Desl. 1862 (not King 

1848). 



♦This Bulnirdpr it* characterized by having a calcareous loop for the Bupport of the 
brachia. Some authorH have regarde<l the length of the loop as of tmbfamily importaiice. 
but thiH the writer doet* not connider an of ^reat value in claifiHification. The work oi 
Frlele, Denlonpchamps, Davidi^on, Fischer and (Ehlert and others, has shown that In* 
certain formi;* the loop passcH through various stages of growth, or metainorphoses. In 
another set of genera, the Terabratulid^, the loop does not pass through any transi- 
tional stages. Upon this basis the genera have been arranged tentatively by Dr. Beecher 
and tlie writer, llowever, much yet remains to be worked out regarding the loop and 
the dental and septal plates in the fossil forms, before any permanent classification of 
the genera into families is possible. Geratology has also been taken into account, as a 
number of genera have partially or entirely lost their brachial supports. 
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Terebratularius, Dumeril 

1806. 
Nucleata, Quenstedt 1871. 
Musculus, Quenstedt 1871 

(not Klein 1753.) 
Hemiptychina, Waagen 1882. 

RhflBtina, Waagen 1882. 

Zugmeyeria, Waagen 1882. 

Dictyothyris, Pouville 1880. 



Gryphus, Megerle 1811 (not 

Brisson 17ftO). 
Liothyris, Douville 1880 (not 

Conrad 1875). 
Terebratulina, d'Orbigny 1847. 

Eucalathis, Fischer and (Ehlert 

1890. 
Agulhasia, King 1871. 
Disculina, Deslongehamps 1 884. 



Family ? DYSCOLiiDiB, Fischer and (Ehlert 1892. 
Dyscolia, Fischer and (Ehlert 1890. 

Family TEREBRATELUDiE, King (Emend Beecher 1893). 
Waldheimidas Douville, 1880; Waldheimiinae, Waagen 1882. 



Subfamily DALLiNiXiE, 
Dallina, n. gen. Beecher. Type 
Waldheimid avptigern Loven. 
Macandrcvia, King 1859. 

Lacqueus, Dall 1870. 
Frenula, Dall 1871. 
Ismenia, King 1850 (not Dall 

1871). 
Kingina, Davidson 1852. 

Kingia, Schoenbach 1867. 
Lyra, Cumberland 1816. 

Terebrirostra, d'Orbigny 1847 
Trigonosemus, Koenig 1825. 

Fissurirostra, d*Orbigny 1847. 

Fissirostra, d'Orbigny 1848. 
Delthyridea, King 1850. 
Flabellothyris, Deslong. 1884. 



n. subf. Beecher. 

Eudesia, King 1850. 

Orthotoma, (Quenstedt 1871. 
Trigonella, (Quenstedt 1871. 
Zeilleria, Bayle 1878. 

Fimbriothyris, Deslong. 1884. 

Ornithella, Deslong. 1884. 

Microthyris, Deslong. 1884. 

Aulacothyris, Douville 1880. 

Camerothyris, Bittner 1890. 

Epicyrta, Deslong. 1884. 

Cinctiv, Quenstedt 1871. 

Antiptychina, Zittel 1883. 

Plesiothyris, Douville 1880. 

? Hynniphoria, Suess 1858. 

? Cruratula, Bittner 1890. 

? Orthoidea, Friren 1875. 



Subfamily, Platidiin.*, Dall 1870. 
Platidia, Costa 1852. 

Morrisia, Davidson 1852. 

Subfamily Meqathyrix^, Dall 1870. 
Argiopidw, King 1850; Megathyridjv, CEhlert 1887; Argiopidre, 
Davidson 1884 ; Argiopinte, Davidson 1887. 
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Megathyris, cVOrl)igiiy 1847. 

Argiope, Desloiigchamps 1842 
(not Savigny and Audouin 
1827). 
Cistella, Gray 1850. 



Zellania, Moore 1854. 
Gwynia, King 1859. 



Subfamily M.\«ellanix.«, n. subf. Beecher. 
"NValdheimida* (part), Douville, 1880; Terebratellinas Davidson. 



Magellania, Bayle 1880. 

Waldheimia, King 1850 (not 
Briille 1846).- 
Terebratella, d'Orbigny 1847. 

Delthyris, Menke 1830 (not 

Dalman 1828). 
Ismenia, King 1850 (not Dall 

1870). 
"NValtonia, Davidson 1850. 
Magaselia, Dall 1870. 



Neothyris, Douville 1880. 



Canoth^'ris, Douville 1880. 



Subfamily MAOASiNiB, Davidson 1887. 

Magasidio (part), d'Orbigny 1847, King 1850; Khynchoridte (part)^ 
King 1850; Muhlfeldtinas a:hlert 1887. 



Magas, iSowerby 1816. 
Bouchardia, Davidson 1849. 
Pachyrhynchus, King 1850. 
Muhlfeldtia, Bayle 1880. 

Megerlia, King 1850 (not Rob- 
ineau Desvoidy 1830). 



Mannia, Dewalque 1874. 
Rhynehorina?, (Ehlert 1887. 
? Rhynehora, Dalman 1828. 



Subfamily Kraussixin.e, Dall 1870. 
Kraussida* (part), Davidson 1870. 



Kniussina, Davidson 1859. 

Kraussia, Davidson 1852 (not 
Dana 1852). 



M e g e r 1 i n a , Deslongchamps- 

1884. 
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The ^'(Hil Ke«i SundBtono" of Scotland fiirnwUiti Hnjih Millor 
with tbe original fossils on which the n«mo Coccoileui wiw placed, 
and for which his now classic (h'Hcription was drawn up. He 
recognized several si>ccie9 but these have since been reduced to 
two by merging several into his first iind chief fonii ('. ihilpiin* 
which, with U. minor, comprises probably all that he discovered. 

Since his time, however, others have been brought to light but 
as these are not all described from the same plate or part of the 
skeleton it is scarcely possible tit present to correlate them. 

The structure of the genus is however fairly well understood 
90 that little doubt existe concerning the position and relation 
of the various plates of tht^ head and l>ody. But of n few minor 
features and of the ditferencc between the species in matters of 
detail much yet remains to be learned. 
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The forms rocognizod by Mr. A. S. 
AVoodward in his recent catiilojjiie are 
as follows: 

('(fCCOHtt'nx (fcripicHS Ag., 1844. 

Lower Old Ued Sandstone. 
f'ocrostt'UM miniH' H. ^Miller, 1S58. 

Lower ( )Id Red Sandstone. 
CoccoHh'Hs hercf/))Jns IL v. Meyer, 1852. 

Lower Devonian. 
CiprroatenH illMJt'cfus A. S. AVoodward, 1891. 

Upper Old Red Sandstone. 
dorrostiHx ithtnxuH II. Trautschold, 1889. 

Devonian. 
(\)crosfcns orrhichfali,'* Newberry, 1875. 

Lower Devonian (Corniferous). 

Resides these there are several insuffi- 
ciently described or uncertain fragments 
referred hither by ditferent authors. 

Yet another species was described in 
18S0 by Whiteavesas Corcostfus ncadutis 
from the Lower Devonian of CampV)ell- 
ton, New Brunswick. 

There are therefore at least five species 
known from Europe and two from Nortli 
America. 

The fishes of this genus are not large, 
the original (\ decipicns measuring only 
al)OUt sixteen inches in length and its 
jaw, as figured by Miller, in **The Old 
Red Sandstone" is scarcely two inches 
long. Nor were any of the rest of larger 
size. The two American species whose 
jaws are unknown can be estimated by 
the dorsal plates which vary but little in 
length from those of C. dectpiens. Of 
C. acadicus numerous specimens have 
been found showing lK)th dorsal and ventral surfaces and these 
haye been fnlly illustrated by Mr. Whiteayes, the palieontologist 
to the Geological Survey of Canada, in his ''Illustrations of the 
Devonian Fishes of Canada." Of 0. occidental is only two plates 
are known — the medio-dorsal and the medio-lateral — and these 
were found by the late Mr. J. II. Klippart, of Columbus, Ohio, 
in the (\)rniferous limestone of Delaware, O. No reasonable 




doubt can exist coneoriiing their imtiire, thoujjjb of the hitter only 
the inner face is exposed. 

If as Dr. Newberry has suggested (See Pal. of Oiiio, p. 306, 
vol. 1) the jaw there described as Liof/nat/tns spathnlatus really 
belongs to C occulmtalis (a suspicion not yet proved) we sliall 
be in a position to compare it with the jaw of (\ deripicn^i with 
which in size it exactly corresponds, though differing widely in 
the dentition. In this character it more nearly approaches the 
dinichthyid pattern. Possibly, however, this connection if proved 
may have the effect of removing C. ocddiutalU from its present 
generic position rather than that of introducing Liot/natfius. 

Coa'ostviis thus ranges through the Devonian in l)oth 
continents, C.hrcyniHs and C.uccUhntaliH coming from 
the lower and all the other species from the upper 
strata. 

It is therefore of not a little interest to record the 
occurrence of (^occosfena at another and a higher horizon 
in Ohio. The specimen is remarkable also for its large 
size, far exceeding any of those already known. It 
was found by the veteran collector, I)r. W. (Mark, of 
Berea, O. , in the Cleveland shale near that town and 
close to the horizon which has yielded Dinithihys and the 
other armor-clad fishes with which palaK)ntologists are now fa- 
miliar. 

The fossil is the left ramus of the lower jaw and measures five 
and a half inches in length. Some part of the spatulate end is 
missing and at least another half inch must be added to complete 
it. Obviously therefore it belonged to a coccostean far surpass- 
ing in size any of the rest. If we assume that the jaw was only 
six inches long it was then at least three times as large as that of 
C. decipienn or nearly four feet from nose to tail, and was a very 
giant among its fellows. 

At the same time, as may be seen at once by consulting the 
figures, no doubt regarding its affinity can be entertained. There 
are the mandibular teeth, eight in number, on the upper edge of 
the mandible just in front of the middle, less sliarp and regular 
than represented by Hugh Miller but not less characteristic. In 
front are the s^nnphysial teeth (or rather their bases for the teeth 
themselves have been broken off) projecting inward toward those 
on the opposite ramus. These are three in number. II. Miller 
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speaks of five but figures six in C. decipiens and they appear to 
vary from three to eight in ditferent species. They are shown in 
the smaller figure (2) which is a view of the inner front edge of 
tlie mandible fortunately exposed on the very edge of the slab of 
shale and carrying the three bases of the syraphysial teeth with 
great distinctness. 

It would be useless here to enter on a discussion of the mode of 
using this peculiar dentition, unparalleled in the animal king- 
dom and only approached by that of Onychodus and Diplngnathus 
(and perhaps Liognathus). The vertical row of teeth on the edge of 
the jaw led H. Miller to his conclusion that Coccosteus united the 
dentition of a beetle or some similar invertebrate to the general 
structure of a vertebrate animal. This conclusion was the more 
pardonable because in his early specimens the teeth on the ramus 
of the jaw were missing. Subsequent discoveries led the illus- 
trious Scotchman to modi f 3% though scarcely to abandon, his first 
conclusion and to leave the structure of this anomalous mouth as 
a puzzle to his successors, which it remains to this day. 

It is just possible, though 1 am not aware that any specimen 
yet found bears out the supposition, that the two mandibles of 
Coccffsfnis did not close on each other so as to form a sutural 
union. In fact the presence of these symphysial teeth almost 
renders this structure necessary. We now know that in some 
kindred forms, such as Dhnchthys^ there were intermandibular 
teeth which met and fitted against similar intermaxillar}' teeth in 
the upper jaw. If some similar arrangement existed in Coccosteus 
holding the two rami assundcr at a small distance, opportunity 
would be atforded for the employment of the projecting sym- 
physial teeth. The small size of all the previous!}' known species 
may account for the non-discovery of such a plate even if it ex- 
isted. 

It may be that the tooth-bearing bone of Onychodus lends some 
countenance to this suggestion but failing its actual production 
we can only at i)resent speculate on the possibilities in the case of 
Coccosteus. Whatever ma}' be the ultimate solution of this 
anatomical enigma it seems impossible that the symphysis of 
Coccosteus can have been a close one. 

For this new species is proposed the name of Coccosteus 
cuyahoyfv, connecting it with the region in which it was discov- 
ered by Dr. Clark. 
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It comes from one of the lowest beds of the Cleveland shale, a 
horizon which has thus far yielded only an as yet undescribed 
species of Titanichthys. 

Some other fragments are also in the hands of Dr. Clark but 
cannot at present be described. The chief of them is a much 
broken plate, apparently dorso-mcdial, which corresponds in 
size to what would be expected, being about three times as large 
as the similar plate of O. decipiens. These, however, must await 
further discoveries. 



PLEISTOCENE t>APERS READ AT THE OTTAWA 
MEETING OF THE GEOLOGICAL SOCIETY 

OF AMERICA. 

Among the papers read and discussed at the recent meeting of 
the Geological Society of America in Ottawa, Canada, December 
28, 29, and 30, 181)2, the following related to the glacial drift 
and history of the Pleistocene period. 

jyiHtinct glacial epochs^ ami the rrifen'ff far their recognition. 
By R. D. Salisbury. The question concerning how much de- 
crease and ensuing re-advance of ice-sheets should constitute an 
interglacial epoch is to be answered by {a) the distance of the 
glacial recession, {h) the length or shortness of the time between 
successive advances of the ice, (r) climatic changes in the area of 
the oscillations, and (d) intervening geologic changes or move- 
ments of uplift or depression of the land. 

The criteria for discrimination of ice invasions so distinct as to 
be properly called separate epochs were considered under the fol- 
lowing heads: 

1. Forest beds intercalated between deposits of till. These do 
not necessarily indicate truly interglacial conditions, but are to 
be so interpreted if their species belong to a temperate climate or 
to one as warm as now in the same locality, also if they have a 
great geographic extent. 

2. Bones of land animals fossil in strata with till beneath and 
above. 

3. Lacustrine or marine fossiliferous beds underlain and over- 
lain by till, if they denote a climate as temperate or mild as 
now. 
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would include temperate species of forest trees, of land animals, 
and of mollusca where the ice pushed into lakes or the sea. 

Changes in the altitude and slopes of the land, shown by suc- 
cessive moraines and the accompanying gravel, sand, and silt 
deposits, which Prpf. Salisbury would regard as evidence of suc- 
cessive glacial epochs, ma}' have taken place within a few hun- 
dred years, as the area of the glacial lake Agassiz was differ- 
entially uplifted, to a maximum of 400 feet or more, during the 
departure of the ice-sheet from that area, which yet appears to 
have occupied only about 1,000 years. 

Croll's astronomic theory of the cause of the Ice age has led 
glacialists both in Europe and America to search for evidences 
of successive glacial and interglacial epochs; but the recency of 
the final departure of the ice-sheets, besides other arguments, 
shows that this theory is untenable, although it has been exceed- 
ingly useful in leading to careful and widely extended observa- 
tions. It now therefore seems more probable that the Ice age 
was a period of continuous glaciation, with moderate fluctuations 
of the boundaries of the ice-sheets during both their general 
growth and decline. 

Dr. Robert Bell spoke of layers of peat and lignite between 
deposits of till on the Nissinaibi and Kenogami rivers, tributary 
to James bay, while loose fragments of lignite probably derived 
from similar layers, are found on the Albany and Churchill rivers. 
It may be doubted, however, whether the successive ice incursions 
should be regarded as distinct epochs, since the several bound- 
aries of the ice-sheets, shown by the limits of the diverse drift 
sheets and courses of the terminal moraines, are nearly parallel 
with each other. 

Prof. B. K. Emerson noted the general absence of indications 
of interglacial conditions in New England, excepting very slight 
oscillations of the ice-border during its retreat, such as at one 
locality in the Connecticut valley gave three successive deposits 
of till with intercalated clays containing fossil leaves of subarctic 
plants. 

Professor Salisbury, in closing the discussion, objected to 
arguments on this subject based on studies of the regions covered 
and much eroded by the latest glaciation, as New England and 
the greater part of Canada. The proper areas for the discrimina- 
tion of these epochs lie along the borders of the drift sheet. Im- 
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portant changes of altitude, even though they may have taken 
place in a short time, seem sufficient for discrimination of distinct 
epochs, but these are proved by concurrence of all the criteria 
cited. 

Pleistocene phenomena in the region .southeast and east of Lake 
Athahascft, Canada. By J. B. Tyrrell. This paper described 
a large region extending from lake Athabasca to Cree, Hatchet, 
and Reindeer lakes. The striation ranges mainly from south- 
west to due west, being nearly at right angles with the south- 
southeastward and southward striation of the vicinity of Winni- 
peg and lake Manitoba. On the Archaean gneissic and granitic 
rocks till is usually scanty, but on the contiguous tracts of sand- 
stone it occurs in larger amount and is sometimes amassed in 
plentiful and prominent drumlins. One of the most noteworthy 
areas of drumlins is crossed by the outlet from Hatchet lake to 
lake Athabasca, and another is the district of Cree lake. Many 
typically oval and steep drumlins rise as islands in Cree lake to 
hights of 100 to 200 feet and are surrounded by water 70 feet 
deep near their bases. Eskers are also well developed in various 
parts of this region, together with plateaus and plains of gravel 
and sand, deserted river channels, and beaches of glacial lakes 
150 feet or more above the existing lakes. 

In discussion, Prof. Hitchcock asked whether all the stria? 
observed about lake Manitoba run south-southeasterly and 
southerly, to which Mr. Tvrrkll replied in the affirmative. 

Prof. Wright inquired whether the Laurentian boulders of 
Assiniboia and Alberta were brought across the region of lakes 
Winnipeg and Manitoba. Mr. Tyrrell answered that more 
probably they were brought from portions of the Archaean belt 
farther northwest, as about Reindeer and Athabasca lakes. 

Mr. Upham remarked that the occurrence of the drumlins only 
on limited tracts, while the greater part of the country explored 
had none, is like their distribution in the regions where they had 
been described previously in northwestern Manitoba, the northern 
United States, and southern New Brunswick. 

Dr. Bell directed attention to an early southwestward glacia- 
tion of the Reindeer lake and Athabascan region, by which the 
Laurentian boulders were probably carried thence across the 
Canadian extension of the Great Plains to the Rockv mount- 
ains. 
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Notes on the glacial geologic of the Northeast Territories. By 
A. P. Low. A large region reaching from Hudson bay south- 
eastward to lakes Nistassini and St. John was described in this 
paper. The interior of the country east of Hudson bay is mostly 
1,500 to 2,000 feet above the sea, being a moderately hilly 
Archaean plateau, more or less covered with drift and commonly 
sprinkled with innumerable boulders. All the drift and courses 
of striation are explainable by the action of land-ice, which 
flowed outward to the west, south, and east from the watershed 
that divides the streams tributary respectively to Hudson bay 
and the Atlantic. The material of the drift is mainly of local 
origin, but some boulders are known to have l)een transported 
200 miles. 

A chain of islands extending from south to north in the east 
part of James bay is a terminal moraine. These islands are un- 
stratified drift, rising to maximum bights of 150 to 200 feet. 
They were submerged for some time after their accumulation, for 
fossil marine shells arc found in stratified beds overlying the till 
along the rivers flowing into the east side of Hudson and James 
bays to a distance of 40 miles inland, and the continuation of 
these deposits rises to an altitude of 670 feet. The ice-sheet here 
was probably thicker, and the Champlain submergence greater, 
than on the Labrador coast. 

The hight of the Bay of F and if coast in the Glacial Period rela^ 
five to sea It^ely as evidenced hy marine fossils in the boulder clay 
at Saint John, Nen- Brnnswich. By RoBERT CiiALMKRS. Close 
west of the harbor of St. John, N. B. , the boulder clay or till 
encloses layers of stratified clay which hold marine shells. The 
till rises 40 to (10 feet above the sea and forms a tract about a 
half mile wide, overlapped on its borders by Leda clay and Saxi- 
cava sand. On the adjacent and underlying rock surface inter- 
secting glacial striie bear S. to S. 05° E., referred to the astro- 
nomic meridian. Directly north of this place are the rock hills 
known as Carleton bights, on which the striation bears S. 2° E. 
and S. 1()° W. The materials forming the boulder clay came 
from rock outcrops on the north. Boulders are plentiful up to 
S or 10 feet in diameter. The upper part of the till is less com- 
pact than the lower, and landslips are frequent. Several sections 
of the till were described in detail, showing that it encloses thin 
layers of cla}' and sand with many shells of Yoldia (Leda) 
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arct%c*i, and a few of Saxicara arctica and five or six other 
species. At the bay of Chaleurs and in other parts of New 
Brunswick fossiliferous marine beds resting on the till show that 
this region was depressed 175 to 220 feet daring the Cham plain 
epoch or time of departure of the ice-sheet. The St. John sec- 
tions indicate several slight oscillations of the ice- front, as if 
it repeatedly' retreated to the Carleton hills and re-advanced 
from them a short distance into the sea. The deposition 
of the Ledaclay ensued immediately after the recession of the 
ice. 

Mr. Upham said, in discussion of this paper, that the occurrence 
of Yoldia arctica as the only plentiful species in the intercalated 
clay layers of the St. John sections implies that the front of the ice- 
sheet was near. This species is now found living only in the Arc- 
tic ocean and thrives most, according to the observations of Baron 
de Geer in Spitzbergen, near the mouths of streams discharged 
from glaciers and muddy with the fine silt of their erosion. 

The ahatKjfoned stranth of Lake Warren. By Andrew C. Law- 
>W)N. As the author was not present, and had not forwarded this 
pMiper, it can be reported only by the following abstract sent by 
Dr. Lawson for the preliminary announcements of this meet- 
ing. 

The strands of lake Warren, on the north side of lake Superior, 
up to an elevation of 1,200 feet above sea level, arc postglacial. 
It was not an ice-dammed lake. There was an outlet northward 
corresponding to one of its higher stages. A postglacial depres- 
sion of central Canada whereby the James bay slope was covered 
with marine sediments to a present altitude of 450 feet above tide 
and only 150 miles distant from lake Superior is correlated with the 
maximum fullness of lake Warren, and the subsecjuent uplift is cor- 
related with its subsidence. The strand lines show no evidence of 
deformation. In the absence of ice dams and of a gorge of per- 
manent drainage, the level of lake Warren could only have been 
lowered by epeirogenic depression along its southeastern margin, 
that is, in the region south of lakes Huron and Michigan, which 
depression is thus coeval with the postglacial uplift of central 
Canada. High terraces and beaches are known to extend along the 
north side of lake Huron from Sault St. Marie eastward, and they 
are reported on the high lands of the peninsula of Ontario ; so that 
lake Warren must have been the greatest of the known late Qua- 
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ternary lakes. Its area is roughly estimated at 150,000 square 
miles.* 

The Pleistocene history of northeastern Iowa. By W J McGee. 
This paper was a partial resume of the author's memoir of this 
title in the Eleventh Annual Report of the U. S. Geological Sur- 
vey, now in press. Two incursions of ice from the north have 
each spread a drift sheet upon this district, and in each case only 
little of the drift can be ascribed to a local origin. Probably 95 
per cent, of both the earlier and later till and of the associated 
stratified deposits came from areas north of Iowa. Boulders of 
small size, comprising many of hornblende schist characterize the 
lower and older till, while the upper till has many large boulders 
of granitoid and gneissic rocks, usually occurring of all sizes up 
to 15 feet in diameter. Often much larger boulders are found, 
and one was mentioned having a diameter of 47 feet. 

A very remarkable feature of the early glaciation of this dis- 
trict is the absence of glacial striae, except in one isolated locality, 
on the l)ed rocks of a drift-covered country about 10,000 square 
miles in area. Not all of the preglacial residuary clay was re- 
moved, and no glacial erosion of the underlying rocks took place. 
Between the first and second ice incursions forests grew on this 
area and their remains form a forest bed of abundant logs and 
branches, with occasional peat accumulations, encountered by 
nearly every well of whole townships and traceable over several 
counties, lying between the lower and the upper till. 

The eastern part of the district is covered with loess, and the 
western border of the loess has a descent like a terrace 10 to 20 
feet or more, to the surface of the sheet of till which stretches 
thence westward upon the tract that was covered by the Minne- 
sota and Iowa lobe of the ice-sheet while the loess was being de- 
posited. Upon the till area loess occurs here and there forming 
ridges much higher than the surrounding land. These ridges 
named paha^ trend in parallelism with the movement of the ice- 

*A different view, which regards lake AVarren as n glacial lake, held 
by the barrier of the retreating ice-sheet on its northeast side and at- 
taining at its maximum stage probably only about half as great area 
as supposed by Dr. T.awson, is stated by G. K. Gilbert in "History of 
the Niagara River," Sixth Annual Report of the Commissioners of the 
State Reservation at Niagara, for 1889, pp 61-84, with three maps 
(also in the Smithsonian Report for 1890), and by Warren Upham in 
Bulletin of the Geological Society of America, vol. ii, pp. 258-265, and 
vol. Ill, pp. 484-487. 
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sheet, and were deposited, like the gravel and sand eskers of 
other regions, in ice-walled channels of glacial rivers daring the 
departure of the ice. 

In the ensuing discussion, Prof. Salisbury spoke of the ex- 
emption of the residuary clay and later of the forest bed from 
erosion by the ice invasions as phenomena of the marginal por- 
tions of the areas covered by the ice-sheets, while their inner and 
central portions were deeply eroded. 

Prof. C. R. Van Hise referred to the large size of the boulders 
in the later drift, which would suggest their probable derivation 
from a previously unglaciated region. 

Mr. Upham remarked that the preservation of the preglacial 
soil and of the forest bed shows that the ice in both its incursions 
rolled onto this district, with little or no sliding and eroding 
action of its basal portion, bringing its drift enclosed within the 
ice instead of pushing or dragging the drift beneath it which 
would have been attended with much erosion of the bed rocks at 
the first and of the forest bed at the later incursion. 

In the northwest part of Iowa, on the west side of this ice lobe, 
the Altamont or outermost moraine divides an area of till at the 
east from an area of loess 20 to 50 or even 100 feet higher at the 
west, showing the same relationship of the loess deposition to 
the contemporaneously ice-covered country as is found by Mr. 
McGee in northeastern Iowa. Not only the paha, or loess ridges, 
and eskers, but also drumlins, in their parallelism of trends with 
the ice movement, atford as reliable evidence of the direction of 
that motion as glacial stride. 

Dr. Bell stated that the hornblendic rocks of the Iowa lower 
till are abundantly developed northeast of lake Superior, while 
granites and gneiss predominate farther west. 

Mr. McOee, in closing the discussion of this paper, said that 
both the older and the newer drift of this district were probably 
transported in the same manner, whether subglacially or englaci- 
ally. The consideration mentioned by Prof. Van Hise may be 
indicative of a very long interglacial epoch between the two ice 
invasions, sufficient for deep stream erosion, the isolation of 
cliflfs and pinnacles of rock by weathering, and the production of 
boulders by disintegration of the bed rocks on the area of the 
earlier glaciation. 

[To BE CONTINIEI).] 
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MAK a:ni) the glacial period. 



Antiquity on Man in Eastern North x\merica. 

By N. 8. Shalkb, Cambridge, Mate. 

Some 3'^ear8 ago after reading the most of the literature con- 
cerning prehistoric man in northern Europe, seeing the collec- 
tions of the remains which had been gathered and examining 
some of the most indicative localities, I undertook certain deliberate 
inquiries to see what evidence of a similar nature could be found 
in this country. The first point I endeavored to examine lay in 
a field which otherwise interested me, that occupied by our 
caverns of the Ohio valley. Noting the fact that primitive man 
had extensively resorted to the caverns of the old world and had 
left there extensive accumulations of bones, his own and those of 
species on which he fed, with many other evidences of his pres- 
ence, T expected to find similar deposits in our caves and rocks. 
A good deal of fruitless work led me to the conviction that cave 
dwellers never existed in the Appalachian district in the way they 
did in northern B)urope. 

In 18G9 I made extensive excavations at Big Bone Lick in 
Kentuck}', partly with the hope of finding human remains mingled 
with the abundant bones of extinct mammalia which occur 
in the deposits of mud at that point. Here again I gathered only 
negative evidences which went to show that primitive man never 
hunted the elephant, the mastodon, the Ovibos and other large 
animals which frequented this region about the time of the glacial 
period, prolmbly when the ice lay over the region north of the 
Ohio. As this field would have been an excellent hunting ground 
for early man, as it was for their successors, the red Indians, and 
the frontiersmen, it seemed to me strange that 1 could not find 
a single trace of man below the level occupied b}- the living bison 
which evidently comes to this district in modern days. In this 
superficial layer made up mainly of bison bones, I found a 
number of arrow or spear heads. It also seemed to me important 
to trace the remains of the * 'mound builders" or early American 
Indians backward or downward to see if they graduated into 
those left by yet earlier varieties of man; with this idea in mind 
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I searched the banks of the Ohio and its tributaries for a distance 
-of a hundred miles or more to see if the sections of its alluvium 
might show human or art remains of another kind than those 
derived from the known indigenes of this country. This work 
alsQ proved substantially fruitless. Traces of savage man ap- 
peared at many points but they were all superficial ; in the deeper 
parts of the sections I found nothing which could fairly create a 
suspicion that a really ancient member of the species had dwelt 
in this valley. Whenever 1 could establish anything like time 
ratios they seemed to show that man had not been at work in this 
part of the country for more than one or two thousand j-ears. I 
attach little importance to these efforts T made to show the an- 
tiquity of these remains but the result of many such endeavors 
was to incline me to the view that the oldest of them did not, 
much, if at all, antedate the Christian era. 

I have made little mention in print of my efforts to trace the 
existence of man in the region east of the Mississippi, partly for 
the reason that the evidence gained was purely negative and 
AS such was of no great value ; it'seemed likely to be overthrown by 
subsequent inquiry. The only positive conclusion which I at- 
tained was to the effect that man had never taken to our caves or 
hunted our larger herbivora in the way he did in Europe, and if 
he occupied this part of the continent in the time when he was 
.settled in the old world his habits were peculiar. 

After these resultless efforts to get upon the trail of a primitive 
man in the eastern part of the Mississippi valle}' and at other 
parts in the southern Appalachians. I undertook in a more 
general way to search for such evidence in the New p]ngland 
district. Here too I failed to ascertain anything which could be 
reckoned as proof that man had been on the ground for two 
thousand years; in fact 1 have seen nothing which raised a pre- 
sumption of his presence for half that time in the region north of 
New York. There is no clear evidence, however, as to the length 
•of his sojourn in this district which is known to me. 

It is perhaps well to say that at every stage of my enquiries 
both in New England and in the Ohio valley 1 have always found 
accommodating persons who were read}' to supply me with just such 
■evidence as thev knew I desired to obtain. I remember a clever 
person near Cumberland gap who found ancient pipes "galore" in 
most improbable places; they were excellent antiques except as to 
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the tubes which when broken showed a singular irregularity in the* 
penetration of the decay. I have had an excellent medallion of 
a European face tendered me with ample affidavits to prove that 
it was taken from compact upper Silurian beds in southern Ken-r 
tucky, and in a more eastern locality a kindly farmer tried to selL 
me a swamp in which he was certain that I would find mammoth 
and other remains: he seemed, indeed, prepared to guarantee the 
importance of the prospective discoveries. By no means all of 
these helpful people seemed to be actuated by a desire for gain; 
many of them were clearly moved by a sincere wish to help a 
fellow to secure some pleasure in his way of life, and incidentally 
to see whether he was well informed as to the nature of living 
man. These negative and positive bits of evidence tended to* 
make me rather critical of all the discoveries which I have seen 
or heard of which appear at first sight to show that man was in 
the region east of the Mississippi antedates the close of the last 
glacial epoch. I do not think, however, that I have been more- 
of a skeptic than it is wholesome to be in such enquiries where 
above all else it is necessary to maintain a state of doubt, until 
the facts array themselves in a clear manner. While in this state 
of mind I saw the Trenton gravels where Dr. C. C. Abbott has- 
made his important researches. 

During my examination of Dr. Abbott's localities, which was very 
hurried, I saw only enough to convince me that the Trenton beds, 
contained an abundance of chipped fiints which have much the 
aspect of those which have been rudely shaped by human agenc}'. 
At the same time 1 felt how difficult it was to account for their 
presence in the deposits if we supposed them to be the work of man. 
It was hardly reasonable to imagine that they were dropped into the 
water at the time when the beds were forming and to suppose that 
they were on the surface of the country whence the glacial waste 
came before the advent of the ice called for a yet more trying feat 
of the imagination. It was not difficult to find in New England 
deposits in history corresponding to the Trenton gravels and to 
these graded by Dr. Abbott's valuable discoveries and to these I 
addressed myself as opportunities were presented. I found readily 
enough that the sand plains of southern Rhode Island and southeast- 
ern Massachsetts deposits found on the seawardside of the mo- 
raines of the last ice epoch to which 1 have given the name of 
'•frontal aprons" here and there contained chipped pebbles which to 
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my eye at least resembled those from Trenton, though none of them 
are so artificial in appearance as the specimens from that locality. 
Finally in the washed gravels of Nantucket I came upon a field 
where chipped stones were numerous and they seemed to me 
essentially like those from New Jersey. There were differences in 
the artificial looking bits from the two districts but these varia- 
tions could, it appears to me, be accounted for by the unlikeness 
of the rocks whence the materials come. 

Approaching the problem with some care I at first made a col- 
lection of the artificial looking stones which I found on Nantucket, 
endeavoring to ascertain the range in size and in the departure 
from perfectly normal pebbles. The results of this inquiry are set 
forth in Bulletin 53, of the U. S. Geol. Survey; briefiy stated they 
are as follows : The apparently washed bits of this section vary 
in size from those less than half an inch in diameter to those 
weighing many pounds, and a foot or more in length. The varia- 
tion in the measure of departure from the form of the ordinary 
pebbles is great ; some of the fragments showed only a trace of 
fracturing on the edges and would not arouse any suspicion of 
artifice, others were so shaped that it is difficult to resist the con- 
clusion that the}^ have been deliberately shaped by man. 

It became evident to me that if one searched these deposits of 
washed drift with the eye prepared to find implements, an uncon- 
scious choice was made of those having forms which would place 
them in this category; if, on the other hand, every chipped stone 
was taken the variety thus gathered was so great that it soon be- 
came at once embarrassing and instructive. It was made plain that 
somewhere near one per cent, of the flatter pebbles in certain 
parts of the deposit were thus chipped. The specimens were not 
exactly similar to those which I found in place at Trenton, but the 
diflference was apparently due to diversity in the nature of the 
materials of which thc^e fragments were composed. The evi- 
dence seemed to me irreconcilable with the supposition that these 
fractured stones were due to the work of man. Thev were too 
numerous and too varied in form, many of them could not have 
been chosen by the most primitive man with the intention of 
adapting the original form to any use. The only reasonable ex- 
planation seemed to be that which 1 otfered in the above men- 
tioned report. Bulletin No. 58, U. S. Geol. Survey. This is in 
effect as follows: When pebbles of any rock which contains. 
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numerous undeveloped joints for a time lie in a position where 
they may be affected by decay the incipient fracture planes are 
thereafter easily opened by a relatively slight strain. Such a 
stress applied to the pebbles which now lie in our modified drift 
will often lead to the chipping of the stones. There is much evi- 
dence going to show frequent advances and recessions of the 
glacier daring the last ice period ; each of the pauses of the on- 
going would be likely to give a chance for the process of decay to 
take etTect. In the next advance of the ice one can readily believe 
that the movement developed the incipient fractures and polished 
the new made facets by the friction brought about in the moving 
mass of pebbles and sand. 

I do not intend to say that all the artificial looking stones which 
have been found in our earlier drift deposits have been formed 
in a purely natuml way, yet I am prepared to affirm that at least 
one enquirer who has tried to approach the matter in a dispassionate 
manner has found il necessary to guard himself in a careful manner 
from self deception as well as against the devices of others. It 
is clear that there are perfectly natural processes by which pebbles 
may be chipped in such a manner that now and then one of them 
may have a vcr}' artificial aspect. Finding unquestionable stone 
implements on the surface or at shallow depths, within the cul- 
ture layer, it is natural to suppose that the lower lying chipped 
pebbles are ruder specimens of the same genera! nature. It is 
clear that just here we have a pitfall most dangerous for the un- 
warv. 



OiJ)KR Drift in tiik Delaware Vallev. 

A. A. Wriuht, Oberlin, Ohio. 

So large a question as the unity or duality of the glacial epoch 
must necessarily rest upon a great variety of considerations. The 
only point to which reference will here be made is the question of 
the existence of a distinctly older drift in the Delaware valley, a 
region which I have examined with some care, and concerning 
which 1 will otTer only the briefest summary statements. 

It is stated in the geological report of New Jersey for 1891 that 
glacial deposits exist far south of the **terminal moraine" of the 
^*second" glacial epoch, which crosses the Delaware river at Bel- 
videre; that these deposits cannot be considered as the attenuated 
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border of the later drift, but that they constitute one of the 
clearest proofs of an earlier glacial epoch. 

1. The farther south these deposits are detected, the greater 
is the likelihood that they were independent of the later ice- sheet. 
Everything south of the moraine is treated as belonging to one 
category. A series of deposits is enumerated, beginning with 
Oxford Furnace and Little York, N. J. , three miles south of the 
moraine, which all will concede are true land-ice deposits, and 
continuing on, without break, to ^^glacially striated boulders" at 
Monmouth Junction, N. J. , thirty miles south of the moraine, * 'a 
subdued terminal moraine'' eastward from Trenton, forty miles, 
''drift closely resembling till, " at Falsington, just west of Tren- 
ton, and ''drift'' at Bridgeport, opposite Norristown, Pa., fifty 
miles south of the moraine, "the southernmost point at which 
glacially striated material has been seen." 

Since it was pointed out* thatthese southernmost deposits are all 
within 1 00 feet above tide and have doubtless been transported by 
water and floating ice from the glaciated area, the author quoted 
has, as I understand, relinquished any claim that he may seem to 
have made, that an ice-sheet ever.extended further south than High 
Bridge and Pattenburg, N. J., about thirteen miles south of the 
moraine. This simplifies the problem, and greatly reduces the 
area which needs discussion. 

2. The claim is still maintained that the glacial deposits south 
of the moraine exhibit such superior oxidation as to prove their 
vastly greater age. This is a more difficult question to decide. 
The claim should rest upon an extensive series of comparisons, 
and it should be shown (1) that the oxidation took place in situ, 
and (2) that it was post-glacial and not pre-glacial. The deposit 
at High Bridge, N. J., upon which stress is laid, certainly exhib- 
its a high degree of oxidation and ferrugination. but it must be 
clearly differentiated from the deposits nearer the moraine, (a) in 
that it contains little or no material that has been brought from as 
far north as Kittatinny mountain, (/>) in that it rests in a cradle of 
decomposing, ferro-magnesian, Archaean gneiss, into which its 
finer elements almost seem to graduate at the eastern end of the 
cut, thus suggesting that its material is mostly local and its oxi. 
dation pre-glacial. 

3. The general composition of the deposits between the mo- 

♦American Geologist, x, 207. Am. Jour. Sci., xliv, 361. 
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mine and the southern border of the glaciated area is essentially 
the same as that of the moraine itself, and of the deposits north 
of the moraine. The bowlders are mixtures {a) of similar types 
of granitoid rocks from the far north, (6) of easily recognizable 
upper Silurian rocks from a moderate distance north, (c) of local 
types of gneiss, lower Silurian limestone, flint, vitreous quartz 
and slate. In many places there are such abundant accumulations 
of bowlders and till that the line of the moraine could well be 
brought farther south than it is plotted, without doing violence 
to the facts. The case in New Jersey seems similar to what is 
known in Ohio and elsewhere, viz. : that the moraine does not 
mark the southernmost extension of the ice-sheet, but only the 
first halting place in its northward retreat. A clearer differenti- 
ation of the earlier from the later drift is needed before we cart 
be sure of its duplex character. 



SiTPPosKi) Glacial Man in Soutiiwkstern Ohio. 

By Frank Levkrett, Chicago, 111. 

The vast majority of so-called palajoliths* in this country are 
found on the surface or in talus, but few being even claimed by 
their discoverers to have been imbedded in the undisturbed deposits, 
either of glacial or of post-glacial age. The great preponderance 
of such stones on the surface naturally leads to skepticism as to 
the authenticity of the alleged finds in undisturbed glacial depos- 
its. The interpretation of the age and method of imbedding of 
those reported to be in undisturbed deposits should, therefore, be 
supported by an array of evidence such as will leave no room for 
doubt as to its correctness. In few, if any, cases has a find be^n 
subjected to such a critical examination as would develop evi- 
dence of a conclusive nature. In the case of the finds in south- 
western Ohio, where I am personal I}' acquainted with the character 
of the deposits the conditions are as follows: 

The Madisonville chipped stone was discovered by Dr. Metz in 

*Mr. AV. If. Holmes has demonstrated that a series of chippings 
similar to the so-called paht'oliths are made in ^reat numbers in the 
manufacture of modern neolithic implements. The so-called pala*- 
oliths, like the rejects among neoliths,show no signs of use. The pre- 
sumption is that all rudely chipped stones that have been found are 
neolithic rejects, and strong evidence to the contrary is required in 
every individual case where pala'oliths are claimed. 
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the excavation of a cistern at his residence. It was found about 
•eight feet from the surface at the top of a gravel bed. The 
gravel is overlain by a reddish clay. This reddish clay occu- 
pies a basin of perhaps a square mile in extent, bordered on the 
north and east by an elevated upland, on the west by a nearly 
i)lane lowland tract underlain by bowlder clay and standing 20 to 
40 feet above the basin, and on the south by a line of dunes or 
low sandy ridges fringing the bluff of the Little Miami river. If 
we examine the bordering districts we find a surface capping of 
pale silt 3 to 5 feet thick known locally as white clay. This 
white clay (on the uplands at least) is apparently of the same age 
as the main loess deposit of the Mississippi basin and is decid- 
edly older than a late ice invasion whose outer moraine is found a 
few miles north of Madisonville. Perhaps the Madison ville red 
•clay is of the same age as the white clay but of this we cannot as 
yet be certain for the situation is such, being in a lowland tract near 
the Little Miami river, that it might have received deposits at 
the flood stages of that stream down to a period as late as the late 
ice-invasion above referred to, and being in a basin it might have 
received deposits b}' the wash from the neighboring uplands even 
"in postglacial time. It is, therefore, by no means easy, and in 
the present stage of investigation is not possible, to fix the exact 
age of the deposit. Even the indefinite chronological term 
** glacial terrace epoch" applied to it by Prof. Wright is not 
sweeping enough to cover all the possible range in time of deposi- 
tion. 

If we turn to the question of method of deposition we shall 
find ourselves even more at sea than in the question of the age 

» 

of the deposits. The chipped stone was lying so near the sur- 
face that there are several ways in which it might have been in- 
traded through natural agencies at almost any time since the red 
■clay was deposited. Chief among these agencies are the follow- 
ing: 

Ist. By cracking and opening of the clay in seasons of un- 
usual drouth. Cracks eight feet in depth are not at all rare in 
such deposits. Where a clay is underlain by gravel the con- 
ditions are especially favorable for their formation. 2nd. B}' 
roots of trees. In deposits of this kind the water level is liable 
to become Very low in seasons of drouth. This being the case 
fluch trees as occupy this region, especially the white oak, would 
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send down tap roots to a much greater depth than eight feet. If 
now we take into account the number of generations of trees ttiat 
have occupied this ground* it would, seem probable that scarcely 
a square foot remains which has not at some time been occupied 
by large tip roots. When a root decays the surrounding earth set- 
tles into the cavity and if this process be repeated several times* 
the amount of intrusion which a chipped stone might undergo is 
considerable. 3rd. By burrowing animals. These animals might 
begin their passage through a hollow, partially decayed root and 
thus help on an intrusion which the decay of the root had initi- 
ated. 

It should be remarked that the above methods of intrusion may 
be sufficient to account for the occasional burial of a chipped 
stone but could not account for the occurrence, at this depth, of 
a stratum or well defined horizon characterized by a vast number 
of such stones. In the case under discussion, however, only the 
one stone has been found. It therefore remains a question 
whether it was dropped before the clay was deposited or has been 
buried subsequently. 

The Loveland chipped stone was found b}' Dr. Metz in the 
valley gravels of a Little Miami terrace. These terraces occur 
now only as occasional remnants in the recesses of the valley so 
that continuous tracing* cannot be made, but there appears no 
reason to doubt that the terrace at Loveland is the deposit of a 
glacial stream having the age of the outer moraine of the Miami 
and Scioto glacial lobes. This being the case it is referable to a 
distinct stage in the glacial epoch whose relationships to the gla- 
cial epoch as a whole are under investigation by the U. S. Geo- 
logical Survey at the present time. 

The bed at Loveland from which Dr. Metz extracted the 
chipped stone was exposed in a railway gravel pit and is 20 tb 25 
feet below the surface. It consists of loose gravel carrying con- 
siderable sand, it is nowhere firmly cemented and as a rule is 
entirely free from cement. The large admixture of sand might 
render it difficult to determine whether or not certain portions of 
it are undisturbed and even more difficult to determine whether 
a chipped stone or, for that matter, any particular stone had been 

♦It is estimated by Prof. Chaniberlin, to whom I am indebted for 
many useful hints in the study of such questions, that in the time 
since the last ice invasion there would probably have been at least 
fifty generations of trees on this ground. 
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introduced into it by dropping from above, or b}- any other 
means. Upon m}' examination of these deposits in 1891 I ex- 
pressed the following opinion, which, in the light of further reflec- 
tion and wider acquaintance, has become a strong conviction : 
**When a question so important as that of the date of the ap- 
pearance of man may depend upon the correct determination of 
the original position of a stone in such loose and poorly assorted 
gravel it is well to withhold judgment until every line of evi- 
dence has been thoroughly worked out. As the evidence now 
stands it is, in my opinion, not conclusively proven that man in- 
habited this portion of the Ohio valley during the glacial period.'' 



Man and tiik Glacial Pkriod. 

Wahrbn Upiiam, Somerville, Man^^. 

The extraordinary interest aroused by Prof. Wright's new book, 
**Manandthe Glacial Period," seems to me attributable to the 
present transitional state of glacial geology, which, both in Amer- 
ica and in Europe, especially in the United States and England, 
is passing from old to new interpretations of the great bod}- of 
observations faithfully noted during many years. Whether the 
workers have seen the significance of their observations dimly and 
erringly or with clearness and sound judgment, in either case we 
owe much to their efforts as pioneers. If any investigators now 
see farther or better than their fellow- workers or than those of 
other countries or former years, it is largely due to the vantage 
ground given by the previous literature of the Ice age. There- 
fore ever}' amateur worker who comes into this field and devotes 
his spare time to glacial explorations and studies, as Prof. Wright 
has done during the past fifteen years of our acquaintance, de- 
serves the hearty welcome of all fellow-glacialists. 

Prof. Wright is adverse!}' criticised chiefly for his beliefs, first, 
in the unit}' or continuousness of the Ice age on this continent, 
and, second, in the contemporaneous existence of men occupying 
the entire width of the United States along the southern bound- 
ary of the ice-sheet. (3ppo9ed to the first of these opinions is 
the belief of his critics, that the glacial period here comprised 
two distinct epochs of glaciation, divided by a long interglacial 
epoch. It is claimed that the evidence for two glacial epochs is 
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most conclusively exhibited along the marginal portions of the 
drift; but this belt has been specially examined by Prof. Wright 
from the Atlantic to the Mississippi, and in Nebraska and South 
and North Dakota, from which he thinks that the best explana- 
tion is by a single glacial epoch, with moderate retreats and re- 
advances of the ice. In the light of Russell's observations of the 
Malaspina glacier or ice-sheet, which show that the forest beds of 
Illinois, Iowa, and adjoining states, may be readily explained b}' 
oscillations of the ice-border, the doctrine of continuous glacia- 
tion seems to me more probable than that of duality. It is help- 
ful to have both views under consideration, since thereby more 
careful attention is given to the examination of the drift and to 
the study for a consistent and complete explanation of the Ice age 
and of the diverse ways in which the various deposits of glacial 
and modified drift were produced. 

Some of Prof. Wright's reviewers think that there is so strong 
a presumption against the presence of man in America during the 
Ice age, that all the stone implements and flakes of their manu- 
facture discovered in deposits of Glacial age by Abbott, Putnam, 
Shaler, Metz, Mills, Miss Babbitt, Tyrrell, McGee, Whitney, 
King, and others, should be rejected, as belonging instead to post- 
glacial times, because of this assumed improbability that men 
could have reached this continent before the end of the Glacial 
period. This prejudice seems to have no sufficient foundation. 
Before the beginning of written or traditional history, the three 
great races of mankind had* become apparently as distinct from 
each other as they are to-day, and this historic period extends 
back nearl}' or quite to the time when the North American ice- 
sheet finally melted away. To me it seems far more probable 
that the native American peoples, now generally considered a 
division of the Mongolian race, had migrated to our continent 
from northeastern Asia during the early Quaternary time of gen- 
eral uplift of northern regions which preceded the Ice age, as 
shown by their fjords and submarine valleys. Then land prob- 
ably extended across the present areas of Bering sea and strait; 
])ut during the Postglacial epoch, according to Dall, Bering strait 
has been somewhat wider and deeper than now, and the neighbor- 
ing coasts have undergone recent elevation. The many divergent 
branches of the American peo|)les, and their remarkable progress 
toward civilization in Mexico, Central America and Peru, before 
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the discovery by Columbus, indicate for this division of mankind 
probably almost as great antiquity as in the eastern hemisphere, 
where many lines of evidence point to the origin and dispersion 
of men at a time far longer ago than the 0,000 to 10,000 years, 
which measure the Postglacial epoch. 
SomervWe, Mass., Feb. S, 1893. 



Preglacial Man not Improbable. 

By E. W. C'LAYPOLE, Akron, O. 

The nature and date of the Ice- Age are important elements 
in the problem of the antiquity of man, because as we trace him 
back in to. the past, we seem almost to lose the trail when we 
touch the edge of the ice. Thus these questions are raised, * *Did 
man live during the later stage of the glacial era, or was he even 
in existence, as man, before this last stage began?" So far as 
Europe is concerned, the former of these questions must be affirm- 
atively answered, and not a little evidence has been accumulated 
toward giving a similar reply to the other. But in regard to 
North America, the question at present stands in a different 
position. A certain amount of evidence has been collected, satis- 
factory to many, but not to all archaeologists, in favor of man's 
presence here immediately after the culmination of the glacial 
era. But we have as yet absolutely no reason for thinking that 
North America was a human abode before the last oncoming of 
the ice-sheet. The discrepancy is puzzling. The antiquity of 
the human race, judging from the facts thus far attained, must 
apparentl}" be greater in Europe than in America. That the old 
world should be the evolutionary home of the race is in harmony 
with the facts of biologj'. Thert are to be found, all the four 
anthropoid apes, man's nearest animal relatives. And not only 
so, but the monkeys and baboons, more distant still, are entirely 
Eurasian and African. Only the comparatively distant cebids or 
spider-monkeys, etc., are natives of the western world. Their an- 
atomical structure is so different from man's, that comparison is 
out of the question. 

And yet when we consider the wonderful manner in which man, 
even savage man, has wormed himself into the most inaccessible 
places, such as Toaster and the other islets of the Pacific, it is 
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difficult to understand why he failed to reach and occupy so large 
an area as America, which seems to be as accessible then as now, 
or, at some periods, even more so. Negative evidence is proverbi- 
ally untrustworthy in geology, and we may yet come upon the 
trail of glacial man on this continent. 

So long as the astronomical theory of glacial climate prevailed, 
biologists hesitated to accept a doctrine which required them to 
assign a specific life to man of 80,000 years if only post-glacial, 
and of 150,000 if inter-glacial. So long a time, though possible, 
was against probability. But now that more moderate figures are 
being adopted, their reluctance to believe in pott-glacial and 
glacial man is giving way, and they are more willing to allow the 
evidence. 

It is, however, still impossible to assign a date • to glacial 
time. If the era was internipted by a long inter-glacial spell of 
mild climate, when the ice entirely disappeared, higher figures are 
necessary than if the era was unbroken. On this point, the most 
energetic controversy now prevails. Granting the former and the 
inter-glacial date of man, or some anthropoid deserving that name, 
his age must be much greater than on the latter view, and yet need 
not be so great as to alarm the biologist. The enormous figures 
given by some are probably quite transcendental. Suspense of 
judgment and patience, are the proper states of mind in the 
present condition of the question. Positive statements, such as 
some that have recently appeared, are entirely premature and un- 
warranted. 

Yet one word more. It is not likely that the evolution of man 
was sudden. If an anthropoid or several such intervened 
between him and the pithecoid branch from which he and his 
simian relatives have sprung, time must be allowed for the pro- 
cess of development. If then all the traces of worked or used 
stones thus far found are human indications, we must allow to 
man's semi- human ancestors, an earlier era in which they more or 
less slowly emerged from the brute. 

When all these considerations are taken into account, there 
seem to be no valid objections to the existence of inter-glacial or 
of glacial man, l>ut on the other hand, strong grounds for antici- 
pating that his remains or traces will be found more abundantly 
and possibly of a date older than any yet met with. 

When the testimony of history' is added, we may go one 
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step farther. The story of Egypt, as now understood, carries us 
back at least forty centuries before the Christian epoch. At that 
time, Egypt was no nation of half-civilized men, still less, of 
barbarians, but she possessed a stable government, a wide influ- 
ence, and above all, the art of writing in a nidimentary form. 
The slow progress that was made in early times, compels us 
to believe, that such a condition argues not a few centuries of 
preceding development from savagery, either in the valle}' of 
the Nile or elsewhere. When the necessary addition is made to 
Egyptian chronology for this reason, we are almost driven to the 
admission that that empire may have been in existence, though 
infantine, while the glacial sheet was yet lingering over North 
America, if not over northern Europe. Neolithic man may yet 
be traced back to the valley of the Nile, and the dark continent 
may prove to have been the mother and the nurse of civilization 
and the arts. 

The differentiation of the varieties of the human family at so 
early a date, as shown by the monuments, proves that in times so 
distant the race was ethnically nearl}' as it is now. The ante- 
Eg3^ptian era must therefore on this ground have been long. 
Without taking an extreme view, time must have been one of the 
potent factors in the differentiation and distribution of man. 

Accepting then the comparative recency of the ice-age, and 
the antiquity of man chronologically, it is difficult to find good 
antecedent ground for rejecting evidence in favor of glacial or 
inter-glacial or even pre-glacial man. All such evidence, must of 
course, be most carefully sifted, as it has been in Europe, but we 
cannot see any reasonable ground for the excessive perturl)ation 
of spirit which some archajologists and geologists have shown 
over a brief summary of the facts, as already accepted by many. 
Only the devout believer in the special creation of man without 
any organic or genetic connection with bis ''poor relations," so- 
called, need be at all excited over the Tuscarawas flint and other 
**finds. " Whether palteolithic or not, we will not enquire. This 
distinction has not yet crystallized here as in Europe and especially 
in England. Those who adopt the evolutionary belief in man's 
origin will see in this and other similar instances merel}' what was 
to be expected, and the onl}* question to be solved will be — Did 
man in America advance from very earl}' and rude conditions to 
thosie of historic times, or did he migrate at a later stage from 
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the old continent, and onlj' pass the relatively higher portion of 
his development here? At present the answer inclines toward 
the latter view, but this maj' be reversed at any time by new dis- 
coveries. We must await the result. 



Professor Wrkhit's Book a Service to Science. 

By N. II. Winch ELL, Minneapolis. 

If Prof. Wright has made a mistake in the presentation of the 
case of palaeolithic man, it is his misfortune rather than his fault. 
Not admitting that he has made any mistake we have still to ad- 
mit that the evidence of pala?olithic man in Ameiica has not been 
all first-class either in quality or in (juantity, and that at al)out the 
same date as the appearance of his book Mr. Holmes and others 
were assiduously studying the question and revising much of the 
old data, subjecting them to such a scrutinj' as the importance of 
the question demanded. Mr. Holmes seems to have demonstrated 
the inadequacy of much of the evidence that was relied on, but 
this was not known at the time Prof. Wright was writing, and he 
is not to blame for depending on such evidence as he had avail, 
able. The book is designed to present the evidence as it stood, 
and I do not know that any one in his circumstances, writing at 
that time, would have come to any other conclusion. If that ev- 
idence finally shall bo all rejected it will be a sei*vice to science that 
it was allowed its full value in such a summarvjf it be sustained 
it will be a striking instance of Prof. Wright's sagacity and dis- 
crimination. Prof. Wright is a well known glacial geologist and 
has exercised the privilege which every American citizen has, of 
using published records, discussing them, and combining them to 
reach such conclusions as he may feel warranted to publish, and 
for that he shouM not be held to personal account. 



A SiNdLK Glacial Epoch in New England. 

C. H. Hitchcock, Hanover. 

With the identification of terminal moraines of the great ice- 
sheet in New England it is possible for us cast-iron geologists both 
to study phenomena analogous to those known from the west, and 
to observe their connection with marine deposits. So far as 
known it has seemed to me that the New England phenomena do 
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not call for more than one ice period, subdivided into epoelis by 
successive terminal moraines. There are forest beds and clays 
between sheets of till, but nothing of much magnitude — nothing 
more than could accumulate in the time elapsing between the for- 
mation of the moraines. On the sea shore we have clearly, first, 
an early pre-glacial Quaternary deposit with numerous fossils, 
such as the quahog and oyster; second, the Champlain marine 
beds, both littoral and pelagic, of an arctic character, and hence, 
presumably glacial; and, third, sands and clays with modern 
shells and other organisms in Ihem. Many of the so-called 
Champlain deposits belong to this later period. The possibility 
of a dual Ice-age has always been borne in mind in my glacial 
studies, but I have not yet seen any wide- spread phenomena de- 
manding such an interpretation of nature. 



What was the Oriuin of Post-Glacial Man? 
Prof. Putnam regrets that, much as he would like to express 
his views on the subject of pala?olithic man, his duties make it 
impossible at present. He says: * 'Nothing which 1 have yet 
read on the subject has shaken m}' faith, as these articles have 
only been partial treatments of the subject; while all admit that 
man must have been on the North American continent at least as 
early as the close of the Glacial period. I simply ask, Where 
did he come from at that time?" 



Additional Evidknce bearing upon the Glacial Hlstorv of 

THE Upper Ohio Vallev. 

By Prof. G. F. Wright, Oberlin. 

Several of the most important questions relating to present dis- 
cussions concerning the unity of the glacial period in North 
America have much light shed upon them by the gravel deposits 
of the upper Ohio valley. As is well known, these deposits are 
mamly found at two rather definite levels. The lower terraces 
rise directly from the river bed to a hight which rarely exceeds 
120 feet; even this hight is attained only where the northern 

tributaries which come in from the glaciated region, were sup- 
plied, during the close of the glacial period, both with super- 
abundant floods of water and with superabundant glacial th^hris. 
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The terrace upon which the better portion of Cincinnati is built 
represents one of these enlargements of the lower set of glacial 
terraces. Another appears at Portsmouth, at the mouth of the 
Scioto, and another just below Marietta, at the mouth of 
Muskingum. No other appears in going up the river, until 
reaching the vicinity of Big Beaver creek, which is the first 
stream of importance which comes into the Ohio from the glaci- 
ated region between Marietta and Pittsburgh. The bouldery ter- 
race at the mouth of the Beaver is about 130 feet above low- 
water mark. 

But the trough of the Ohio has been eroded to a considerable 
depth below its present bottom, and has been filled with gravel, 
in places at any rate, up to the hight of the terraces just men- 
tioned. At Cincinnati the rock bottom is more than 100 feet 
below the present bottom. The Tuscarawas river and Beaver 
creek have likewise been filled up for more than 100 feet above 
their rock bottom. 

The present channel of the Ohio river occupies a comparatively 
narrow trough or gorge worn through parallel strata of limestone 
and sandstone to an average depth, estimated from the rock bot- 
tom to the rock shell of the ancient base- level, of about 300 feet. 
The rocky shelf marking this ancient base-level is fairly distinct 
in the whole upper portion of the Ohio and of its tributaries. 
The narrow gorge or trough eroded in it is probably not less than 
1 , 200 miles long, as the river runs, while the gorges of the tribu- 
taries would almost double the amount. Now the bordering rocky 
shelf of the ancient base-level is covered at various places with 
extensive water deposits containing considerable granitic material, 
both in the shape of gravel and small pebbles and occasionally 
of boulders of considerable size. That the water making this 
deposit was iceUiden is evident from frequent angular fragments, 
from one to three feet in diameter, which are mingled with the 
finer stratified material. These upper terraces are therefore 
clearly of glacial age. For as there is no granitic material in 
place in the upper Ohio valley, it could onl}- be derived from the 
deJnis brought by glacial ice into the valley from Canada- or the 
Adirondacks. 

The question raised by the facts here summarily stated is 
whether or not this vast erosion of the trough of the Ohio below 
the level of the upper gravel terraces was preglacial or intergla- 
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cial. Prof. Chamberlin is strongly of tlie opinion that it is inter- 
glacial, and that this immense erosion marks the separation in 
time between the first and the second glacial periods. Some idea 
of how great the lapse of time would be may be obtained by com- 
paring the generallj' acknowledged postglacial gorges, like those 
below the falls of Niagara and the falls of St. Anthony, which 
are only a little over seven miles long, with this supposed inter- 
glacial gorge, which is deeper than the others mentioned, and 
from 150 to 200 times as long. 

The theor}^ which I, with many others, have maintained is, that 
this gorge of the Ohio is preglacial, having been worn with con- 
siderable rapidity during the continental uplift which culminated 
contemporaneously with the climax of the glacial period, when 
the general elevation was considerably more than now; that then, 
during the Champlain subsidence, which increased northward, the 
gorge was filled with water and to a considerable extent with 
glacial debria^ when these deposits were made upon the rocky 
shelf of the old base -level. My theory of the glacial dam at 
Cincinnati was at first thought by the Pennsylvania geologists to 
give much assistance in simplifying the problem and in account- 
ing for the facts, and while doubtless it was at first worked for 
rather more than it was worth, it is b}^ no means clear that it has 
been entirely disproved or rendered entirely useless. 

The most important crucial test which 1 have heretofore pre- 
sented was that of Beech flats, in the northwestern part of Pike 
county, Ohio, at the head of the Ohio Brush creek. The facts 
respecting this with a map were detailed in ray Bulletin (58) of 
the United States Geological Survey, pp. 02-96, and repeated in 
my volume on *<The Ice Age in North America," pp. 332-385. 
These flats lie in front of the glacial boundary, where it passe* 
over into the headwaters of the Ohio Brush creek. It is from 900 
to 1,000 feet above tide, and from 400 to 500 feet above the 
Ohio river at the nearest point. It is evidently a deposit from 
glacial streams where thej' entered still water. Otherwise Ohio 
Brush creek would have been lined with glacial terraces through- 
out its extent, as all other streams similarlv situated are. But 
there is no such distribution of gravel down the Ohio Brush 
creek, as ordinarily characterizes the streams which flow south- 
ward from the glaciated area. Evidently from some cause there 
was here a still water level which was maintained until the ice 
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had withdrawn a short distance into the watershed of Paint creek, 
which flows into the Scioto at Chillicothe, and which is strikingly 
marked l>y glacial terraces. The most likely explanation of this 
complicated series of facts is furnished by the Cincinnati dam. 

The additional evidence which I now have to present is similar 
to that afforded at Beech flats, and was discovered last December 
while exploring the lower portion of the valley of Big Beaver creek^ 
Pa., under the guidance of Mr. Richard R Hice. It will be re- 
membered that two or three years ago Dr. P. Max Foshay and 
Mr. Hice made an important discovery of glacial furrows in the 
Beaver valley three or four miles south of the limit which Prof. 
Lewis and 1 had set to glacial action in that vicinity. These fur- 
rows were on the west side of the Beaver, near the southern line 
of Lawrence county, a little above the mouth of the Connoquenes- 
sing creek, which comes in from the east. 

On reviewing this ground with Mr. Hice, we found a pretty 
well-marked terminal moraine on the promontory just above the 
junction of the Connoquenessing with the Beaver. Below this 
point, lis well as above, the rock shelf of the old base-level 
spoken of was covered for some milijs with overwash gravel, and, 
upon the western side especially, lay occasional boulders of large 
size, which had probably been distributed by water more or less 
choked with floating ice. The elevation of this rock terrace here 
above the river which occupies the narrow eroded gorge is about 
1 1)0 feet, or 225 feet above low water mark in the Ohio at the 
mouth of the Beaver. The signiflcant discovery made by us was 
that, as we followed this rock shelf down stream a few miles into 
Beaver county, suddenly the overwash gravel nearly disappeared 
at Stackman's run, in Big Beaver township, the ridge which 
we had been following ending abruptly at the face of the pre- 
cipice, on the west side of the narrow trough of the river. From 
this point a mile or more down to Clark's run, which enters the 
Big Beaver at Homewood, there was but little superflcial material 
on the rockv bench. 

Clark's run comes in at right angles to Big Beaver, and has 
worn a deep gorge through the Homewood sandstone directly 
across the bench we were following. Though the stream is small, 
the gorge is 300 or 400 feet in width, and is worn down nearly 
to the depth of the Big Beaver. The significant facts meeting 
us here were that, while the south side of this gorge of Clark's 
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run consisted of bare rock and rocky debris which had fallen 
down from the face, on the north side the face of the rocks was 
entirely obscured by a sedimentary deposit which had evidently 
been brought in by a stream flowing over the rocky bench from 
the north which here met the gorge when it was full of still water. 
It is, in short, a regular delta deposit, where for a limited time 
the coarse material had settled in the deep water as it was brought 
over the precipice. Granitic material was frequent in this de- 
posit; the stratification sloped downwards towards the axis of the 
valley; the depth of it exposed was fully 80 feet; how much more 
we could not tell. 

To the south of Clark's run as far as Wallace run, a distance 
of little over a mile, the bench was bare of drift material. 

1 see no explanation of these phenomena, except that which 
assumes the preglacial erosion of the under part of the troughs 
of these streams, and that the streams consequent upon the melt- 
ing of the glacier above were moving down the valleys when the 
lower depths of water were practically stagnant. This stagnation 
may have been produced by a greater northerlj- depression of the 
land than I have thought to be probable, or by the Cincinnati ice 
dam, which might well enough account for the facts here, or by 
a combination of the ice dam with a more moderate amount of 
-change in the land level. It is true, however, that it would be 
possible to suppose that this deposit at Clark's run was made at 
the climax of the second glacial epoch; thus allowing the erosion 
to have been interglaeial ; but in that case the causes assumed 
would have to be supplied during this second glacial epoch. 

Accumulating facts of this sort strengthen me in the conviction 
that the //i/rrglacial erosion of the lower 1^00 feet of the troughs 
of the Ohio and its tributaries is far from being proved, and that 
the theory that the erosion was /)/Tghicial may still be entertained 
by intelligent geologists. 



The Cincinnati Ice Dam. 

Joi^EPH F. Jameh, Washington. 

While the presence of an ice dam at Cincinnati has been dis- 
credited of late, there are features in the physical geography of 
the vicinity of that city which make its presence more than prob- 
able. A few of those with which the writer is familiar from 
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long residence in the locality, have been referred to in detail in 
papers elsewhere. All that is attempted here is a brief resume 
of some of the more important points. 

East of the city lies the valley of the Little Miami river, the 
width of which is far greater than the volume of the stream at 
present justifies. The valley at the point where it enters the 
Ohio is some four or five miles wide, and is without rock any where 
extept on its borders. At Red Bank station, about five miles from 
the mouth', is a very heavy deposit of water- worn gravel, far 
above the present level of the river, forming, in fact, a second 
bottom or terrace. This terrace extends to Batavia Junction, 
where it is made up of fine silt, clay, conglomerate and till, ris- 
ing 100 feet or so above the ordinary stage of water. About two 
miles further up the valley to the northeast, near Milford, is an- 
other, and an enormous bank of gravel, about H miles long and 
a mile wide, and of unknown depth. The top of this is nearly 
level and abuts against the bank where the rock is exposed. 

Extending northwest from Batavia Junction, and at present 
filled with drift, is a wide valley, reaching to Madisonville, some 
five or six miles. At this point a lake-like expansion occurs, and 
the valley turns westward, encountering at Ludlow Grove, on the 
line of Mill Creek valley another very extensive bank of gravel. 
Now it is impossible that the Milford bank was deposited by any 
stream only as large as the Little Miami now is ; and it is equally 
impossible that any existing stream could form the deposits at 
Batavia Junction, Red Bank and Ludlow Grove. The deposits 
are undoubtedly of glacial and of w^ater origin. We know that 
the country \jo the northward was occupied by glaciers. Beds of 
till with abundance of striated pebbles indicate this, and the lower 
places were inevitably filled with ice. Once in the valleys men- 
tioned the ice foot would extend to the Ohio river, would fill its 
bed, and would thus block its course. 

A second valley, lying on the west of the city and now occu- 
pied by Mill creek, is also a pre-glacial channel, filled at its mouth 
with a mass of gravel and drift which gradually increases in 
thickness to the north. The Cincinnati terrace is also of pre-gla- 
cial origin, and probably represents the ancient bed of the Ohio 
when it flowed at a higher level than now. At Ludlow Grove the 
Mill creek vallev an<l that from Batavia Junction and Madison- 
ville unite, and together extend to Hamilton, some 20 miles north, 
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the drift gradually increasing until it is 200 feet and over in 
depth. Here, too, is an immense deposit of gravel, and at this 
point the Big Miami river enters, flowing in another wide valley. 
Together these united valleys turn southwest and after following 
it meandering course for some 20 or 25 miles, enter the present 
drainage of the Ohio near Valley Junction. In the coui-se of 
this valley there are again enormous water deposits, and at its 
mouth is another phenomenally large gravel and till deposit. 
Down this valley another tongue of ice must have extended and 
blocked the Ohio channel again. 

It is a peculiar fact that between the mouth of Mill creek and 
the Big Miami river there is not a stream of any length entering 
the Ohio river from either north or south. We find, however, 
opposite the mouth of Mill creek, on the Kentucky side, that 
while rock is exposed immediately on the river's edge, below it, 
and a short distance back, less than one-eighth of a mile, is a 
high, almost isolated hill, composed of drift material. Further 
down the drift is piled up against the lower part of the north side 
of the rocky bank, but it tails out to nothing before reaching the 
top, some 350 feet above low water. Down the river from this 
hill, again, is a great embay men t, and here we find still another 
deposit of water-worn gravel, this time not in a valley occupied 
by any stream at present. It was possibly deposited from the 
Mill creek valley, down which a third ice tongue must have come, 
uniting with that from the Little Miami valley. 

Opposite the main part of Cincinnati, on the Kentucky side, 
the Licking river enters the Ohio. Here we have another of the 
wide valleys so characteristic of the region, one out of all pro- 
portion to the size of the stream now occupying it, and bounded 
by rock banks on either side. This would allow the tongue of ice 
from the Little Miami valley to find egress to the south without 
having to surmount the tops of the hills. The water from the 
melting ice would probably find its way along the upper valley of 
the Licking, and, overtopping the low divide, enter the drainage 
area of the Kentucky river and so reach the Ohio below the dam. 
The main stream of the Ohio, meanwhile, was deflected from its 
course higher up, and may also have entered the drainage of the 
Kentucky river. 

Now, the retirement of the ice up these valley's would account 
for several facts. (1) It would explain the great deposit of 
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gravel at Milford, in the Little Miami valley. (2) It would ex- 
plain the Red Bank and the Ludlow Grove deposits in the Madi- 
sonvillc valley. (3) It would explain the deposit of till and 
gravel opposite and below Mill creek valley. (4) It would explain 
the deposit at the mouth of the Big Miami valley; and (5) it 
would, as the ice receded northward, account for the accumula- 
tion of drift near Hamilton. Of course, when the Ohio attempted 
to return to what was evidently its old channel, by way of Red 
Bank and Ludlow Grove on the one hand, and Mill creek on the 
other, it would find the way blocked; and it would then have to 
cut for itself a new course. This it has done past the mouth of 
Mill creek. Looking, therefore, at the facts as seen at and about 
Cincinnati, the theory of an ice-dam does not seem untenable. In 
fact, it is almost a necessity. It may not have performed all the 
work that has been credited to it, audits existence may have been 
long or short. This can possibly be measured by the extent of 
the deposits mentioned. All of the.se merit and require more ex- 
tended study. 



The Cause op- an Ice Aue. — Ball. 

J. F. Blakk, in Annnla of Bnli*h Otology^ 18«I, p. 142. 

The name of the writer of this book is sufficient to secure great 
attention to what he says — but, when to follow him involves the 
imputation of a fundamental error to Herscheland of gross igno- 
rance to all other writers on the subject, we must pause. If the 
words of Sir John Herschel had the meaning which the author 
assigns to them, they would lead to the conclusion that the author 
draws from them, — and arithmetically works out so that there can 
be no mistake, — that the only ditfcrence between summer and 
winter temperature is that due to the concentration of equal quan- 
tities of heat into unequal periods of time. But it would have 
this further result that in the hemisphere which has a long sum- 
mer and a short winter the summer would actually be the colder. 
We cannot possibly believe that Herschel and his followers could 
not perceive this result. It is perfectly clear that the heat spoken of 
by Herschel is the ' 'supply" from the sun, and is supposed through - 
out to be received on an equal area equally inclined to the suns 
rays. The phenomena of summer and winter depend, of course, 
on something else altogether, namely, the obliquity of the surface 
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to the 8un'8 rays. If Oi, o^ be the local meridian obliciuitics, iij, 
Hj, the number of days, hj, h^, the total **heat," in the above 
sense, received in summer and winter respectively in each hemi- 
sphere, then the meridian heat secured b}* that hemisphere on any 
one da}' may l)e roughly stated as proportional to 

/h, COS. B- . „„^^^, „„ 1 ( h, COS. O, 
-i i do in summer, ana -= = d<* 
n, / n, 

in winter; and what Herschel says is not that j h, cos. o, dB= 
j h, cos. B.^ do which would correspond to the numbers G8 and 87 
but that \ equals h.^. 

But besides this the meridian heat integrated along the meridian, 
as is done by the author, will not give the total heat, which de- 
pends also on the length of the day at the various times and 
places. The total heat received at any latitude is completely 
worked out by Haughton (Trans. Roy. Irish Academy^ Vol. 
xxviii), and the integration of his expressions, which are discon- 
tinuous at the arctic circle, can alone give the total heat secured, 
a matter, after all, of little consequence, as it will include the 
tropics which do not enter the question. The numbers ()8and 37, 
therefore, have no significance whatever. The notion that the 
beds of a rock formation have any relation of any kind to glacial 
periods will seem absurd to everj' field geologist. 



REVIEW OF RECENT GEOLOGICAL 

LITERATURE. 



AiuifiU of Uritixh Gfoloytf. Prof. J. F.Blake, F. G. iS. Dulau & Co., 
Ijondon ; $2.25, 8vo, pp. 404, six plates. This volume contains a record 
of the geological publications in Great Britain during 1891, with an 
appendix for 1890. It has been compiled by Prof. .1. F. Blake, presi- 
dent of the Geologists' Association of London. More than once 
before the attempt has been made to conduct such a work, as, for ex- 
ample, by Mr. Whi taker, a few years ago, in "The Geological Record," 
but the great cost has prevented permanency. The value of such 
books is unquestionable and needs no words to enforce it to the 
student and the worker. The difficulty of making both ends meet is 
equally certain, if not to all, at least to those who have undertaken 
them. Unless subsidized in some way by learned societies it seems 
improbable, judging from the experience of the past and reasonable 
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forecast of the future, that better results, in a pecuniary sense, will 
be obtained 

Of his present eflfort the author says : "The price of the first volume 
of the *Annals of British Geology' was fixed at 6 shillings, in the hope 
that it might thereby reach a larger number than those who have 
usually subscribed for *Records/but this hope has, unfortunately, not 
been realized. The second volume, which is larger and is illustrated 
by six plates, is priced at Ts. 6d. to subscribers and 9s. net at the pub- 
lishers'. It is found, however, that this is scarcely likely to cover the 
<3ost, and that the sale must be reckored on no larger a number than 
that of the supporters of the geological or zoological records. The 
former, aided by a grant from the British Association, and containing 
between 300 and 400 pages, was issued at the *low' subscription price 
of 10s. 6d. ; the latter, supported by the Zoological Society, is issued 
a,t 30s. for about 1,000 pages. It does not, therefore, seem probable 
that the present *Annals,' supported only by its subscribers, can ever 
be issued without loss at a less subscription than 10s. and it would 
■even then require a considerable increase in the number of its sup- 
porters. It is hoped that the third volume will be still further im- 
proved, suggestions toward which will be gladly received, and it will 
contain a minimum of 400 pages and six plates or their equivalent of 
figures." 

We may express the hope that at the price above named sufiicient 
support will be secured to enable the author to continue the work. 
Though principally of use to British geologists, yet others who take a 
wide view over their special departments of the science can scarcely 
aflford to be without it. 

The first part of the volume contains the titles and short abstracts 
of works and papers on general geology, occupying 52 pages. Then 
follows Structural Geology, 120 pp., including all the contributions on 
this topic. Pahcontology, including Anthropology, fills 70 pages, 
Mineralogy 30, Petrology 45, and Economics 20 pages. Then follow 
50 pages with summaries of papers and works on geology published 
in Great Britain and an appendix of 4 or 5 pages for 1890. A good 
index of authors renders the book more available for reference than 
it would otherwise have been. 

The author does not confine himsalf to bare announcement of the 
subject of the papers and books, but gives these fully enough to en- 
able the reader to determine if he need procure them for the purpose 
of investigation. His own criticisms and remarks are confined to 
foot-notes — an excellent device — as it avoids interrupting the sum- 
mary and confusing the author and the summarist. 

When we add that both summary and comment have been sent to 
the authors for revision, we show plainly that Prof. Blake has spared 
no pains to render his book fair, trustworthy and complete. We trust 
those of our readers who go beyond the locals in geology will procure 
it for future reference and consultation. 
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Geoloyical Hurvey o/ MiHsonrl. Vol. II, Report on iron ores^ 1892. From 
field work prosecuted during the years of 1891 and 1892, with 62 il- 
lustrations and one map ; by Frank L. Nason, assistant geologist, 
Jeflferson City, 1892. Roy. Oct. 368 pp. 

Vol. III. Hejwrton the mineral waters of Missouri; by Paul Schweit- 
zer, embodying also the notes and results of analyses of A. E. Wood- 
ward; field and laboratory work conducted during the years 1890 to 
1892, with 45 illustrations and one map, Jeflferson City, 1892. Roy. 
Oct. pp. 258. 

These two volumes certainly show commendable progress in the 
development of the economical geology qi Missouri. Mr. Nason has 
arrived at important results in respect to the origin and distribution, 
as well as the age, of the rocks and the ore which tliey contain. 

The ores of Missouri being either hematite or limonite, are confined 
practically, the former to the porphyry region, the Lower Carbonifer- 
ous and the Ozark series, and the latter to the Ozark series.* 

Very full details are given of the localities where these ores are 
known, and particularly of all points at which some working has been 
done. General discussions are presented of the specular iron ores 
of the porphyry region, of the red hematites, of the specular ores of 
the sandstone region, and of the limonites, also of the geology of the 
Ozark uplift. 

The specular iron ores of the porphyry region are those of Iron 
mountain. Pilot knob, Cedar hill. Shepherd mountain and Clark's 
mountain. They are well known as the principal ore deposits of 
Missouri. Here the ore occurs, primarily in veins and in isolated 
l^rains which is a rare method of merchantable iron ore ; but from these 
veins have been derived, through the decay and denundation of the 
porphyry, beds of conglomeritic debris which consists largely of 
blocks and boulders of hematite, and from these have been mined 
large quantities of the best hematite. The stratigraphic relations in- 
dicate that this disintegration took place sometimes in pre-Cambrian 
time, but has also gone on in more recent geologic ages ; these boulders 
are in tlie Cambrian and in the residuary clays of the Pleistocene and 
present. The original veins are of all thicknesses, from mere films 
to forty and sixty feet. In places they form a perfect network in the 
solid porphyry. Iron deposits of like character also occur in the asso- 
ciated granites, but in general such have not yet proved sufiicient to 
be of value. These hematite deposits in the veins of the porphyry are 
considered to be due to infiltration by percolating waters. The 
source of the iron is supposed to have been the ore disseminated 
through the decayed and chiefly removed porphyry which once cov- 
eted the veins or which formed the surrounding country. This 
theory is ingeniously applied to Iron mountain and other prophyry 
knobs containing ore in veins. While Mr. Nason is disposed to 
regard the rock of these bills as probably of sedimentary origin, he 

*For the i»igiiiflcaiiceof the term "Oxark Series" see AxeuicanGeoligist, vol. VIII, p. 
28, IHOl . 
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unhesitatingly assigns that of Pilot knob to a sedimentary origin, and 
the ore found in it to cotemporary sedimentary action. But thia 
requires that it be of later'^date than the Iron mountain rock ai^d 
unconformable upon it, a supposition fully borne out by the coarsely 
fragmental character of the rock of Pilot knob, and by the widely 
diflferent structural character of the ore. The chief obstacle which 
occurs to us, against the infiltration hypothesis, is the fact men- 
tioned by Mr. Nason, that in the original vein ore are considerable 
crystals of apatite and occasionally of hornblende. 

It will be noticed that Mr. Nason's examinations of Pilot knob do 
not lead to the same result as those of Prof. Ilaworth, but he iinda 
unmistakable evidence, admitted by Prof. Haworth, that the rock 
there furnishing the ore, while largely of porphyry conglomerate, is 
of sedimentary structure. Prof. Winslow says in his letter of trans- 
mittal: "During the past summer a conference and joint excursion 
to this field was arranged for. The party consisted of Prof. C. R. Van 
llise, Prof. Wm. B. Potter, Mr. Nason, Prof. Haworth and the writer. 
A result of this trip and the conse([uent discussion on the ground 
was the yielding, by Mr. Haworth, of his position with reference to 
the origin of the, porphyry conglomerates, iron ores and other im- 
mediately associated beds occurring at the summit of Pilot knob and 
at a few other localities in the immediate vicinity. Mr. Haworth 
now concedes that the evidence favors the conclusion that these 
beds are of sedimentary origin rather than of igneous origin as pre- 
viously advocated by him." (See Amkrican Geologist, vol. i, pp 280 
and 863, 1888, also vol. ix, p. 55.) ^Ir. Haworth*s earlier determi- 
nation was based on niicroscopic examinations of rock samples, after 
brief study in the field ; Mr. Nnson's on field studies solely, though he 
had Mr. Haworth's publications constantly in mind, and was com- 
pelled by them to give the subject more thoughtful and thorough at- 
tention. The result, as it appears now, is another striking instance 
of the pitfalls into which petrographical students are liable to lead 
the unwary geologist. It shows either the incompetency of their 
criteria or of their observations, and the superiority of field studies 
conducted by a competent geologist. 

The red hematites of the Lower ('arboniferous are quite unimpor- 
tant, but they constitute original and distinct beds among the sedi- 
mentary strata. 

The specular ores of the sandstone region, one of the strata of the 
"Ozark uplift," called Koubid^jux sandstone by Mr. Xason, are fine- 
grained and com])act, and apt to bo of low grade by reason of large 
per-centages of silica. They are supposed to be due to concentra- 
tion by percolating water from other and higher strata which have 
been removed subse(|uently by disintegration and erosion. 

The limonites are principally confined to the Ozark district, but not 
entirely to the Ozark series. They affect the limestones, but also occur 
in cherty clay, the residuary product of the limestone. They take on 
all the pseudomorphous forms peculiar to limonite, and are found in 
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caves, pockets, crevices and sinks. They are of secondary originl 
They are generally regarded with disfavor by fiirnacemen because of 
high percentages of silica and phosphorus*. 

Prof. Schweitzer's investigation of the mineral waters of Missouri 
was directed to ascertain their comparative comjwsition and value^ 
to furnish reliable data for the guidance of physicians and for the in- 
formation of citizens, and to attract to the state any others who de* 
sired to improve and develop the various localities. The report em* 
braces not only the prior results of Mr. A. E. Woodward, who at first 
had charge of the investigation, but also those of Prof. Schweitzer ex* 
tended over many years as professor of chemistry at the State Unir 
versity. It gives an account of the nature and origin of mineral 
waters in general, and a classification — the classes being: 1. Muriatic 
waters, such as contain, as their main constituents, sodium chloride 
or common salt ; 2. Alkaline waters, such as contain sodium or mag? 
nesium carbonate ; 3. Sulphatic waters, such as contain one or more 
sulphates as their main constituents ; 4. Chalybeate waters, such as 
contain as their most eflFcient constituent some ferrous carbonate, 
and 5, Sulphur waters, such as contain sulphides, sulphydrates, or 
sulphuric acid. 

Chapter III elucidates the therapeutics of mineral waters, and en* 
ters into a discussion of the general uses of ordinary and of mineral 
waters, giving hints to physicians and to invalids. The volume con- 
tains a vast amount of special information relating to the various 
mineral springs and health resorts of the state, each important water 
having been analyzed ; and comparisons are instituted with some 
European mineral waters of repute. A valuable feature of the report 
is a **bibliography of mineral waters" arranged chronologically, be- 
ginning prior to A. I). 1500. 

The MetaH]K'rm:t' of thf Miiuu'.Hota Valleif: a list of the h'ujher Seed-pro- 
due ing plants tudiyenons to the drninage-httxin of t fie Minnesoto river. By 
•CoN'WAv MacMill AX, State Botanist, Reports of the (Geological and 
Natural History Survey of Minnesota, Botanical Series I, pp. xiii — 
828, Oct., with two maps, Minneapolis, December 29th, 1892; Harrison 
and Smith, State Printers. 

The first 570 pp. of this work are largely occupied with a critical 
geographical and bibliographical list of metaspermic plants considered 
as indigenous to the drainage-basin of the Minnesota river. Of fami- 
lies, 108 are recognized, of genera, 407, and of species, 1,174. Follow- 
ing the list are chapters on the valley of the Minnesota, relationships of 
the metaspermic flora of the Minnesota valley and statistics of meta- 
spermic plants of the Minnesota valley, together with bibliographical 
citations, summaries, tabulations and a very complete index to the 
list, covering nearly 80 pp. To the geologist the chapter on the rela- 
tionships of the Metasperma* is perhaps the most interesting. In this 
somewhat condensed account, a striking new view is advanced and 
very briefly argued, concerning the probable physiognomy of the 
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Cretaceous flora. In view of the existence of transitional areas be- 
tween distinct plant- formations, it has been attempted to lay the 
ground-work of study of the so-called U'tiMion-litu^B between forest and 
prairie for example. C-ertain remarkable peculiarities of a tension-line 
population are pointed out and it is sought to establish a law of 
ejection from the depths of formations, by the action of which the 
tension-line would become the area of the distinctively newer or 
weaker types, and of the types in a highly variable or plastic condi- 
tion. On pp. 602 and seq. the probable physiognomy of the Creta- 
ceous period is discussed in the light of the tension-line analysis. It 
is argued that the preponderance of metaspermic leaves in the rocks 
by no means indicates a preponderance of metaspermic plants in 
Cretaceous forests, but indeed quite the reverse, since it shows that 
the metaspermic plants were in the proximity of the sandy beaches 
and mud flats, consequently in tlie tension-line position and prob- 
ably, therefore, established only as narrow, highly variable fringes of 
ejected plants but with great central masses of cycadean, coniferous 
and probably older types of species forming the isolated bulk of the 
forest population. 

From this study of the ancient physiognomy in the light of modern 
plant-formations a highly ingenious theory of the apparent sudden- 
ness of appearance of metaspermic forms and their great variability 
is developed. A new link between paheophytology and modern 
geographical botany is indicated, the further examination of which 
may be productive of most interesting results. This interesting and 
valuable report forcibly illustrates the interdependence of the natural 
sciences. 

Distribution of Stone Imph'mt'uts in the Tid^-trnter country. W. H. 
Holmes. (From the American Anthropologist, Vol. vr, pp. 1-14.) 

Mr. Holmes has introduced a new classiflcation of aboriginal or 
prehistoric stone implements. It has been customary, following Mr. 
James Geikie, of Scotland, to designate as "paleolithic'' many rude, 
evidently chipped stones which have been found in Europe and 
America, these being considered as evidence of very low grade of hu- 
man ingenuity and skill, and as "neolithic" those chipped stones whose 
finish indicates that they had a definite purpose, completely attained, 
and shows in their maker a degree of skill equal at least to that of 
the historical aborigines of this country. It has also been presumed, 
in this country, following again Geikie's determinations in Europe, 
that the "paleoliths" were characteristically found in gravel beds, re- 
sulting from the disintegration and rapid withdrawal of the ice of the 
last glacial epoch, and that, therefore, theirjmakers were pre-glacial or 
inter-glacial men. The "neoliths" were, therefore, all classed as post- 
glacial. This has been at least a working hypothesis in America for 
about twenty years, and several "flnds" have been reported which 
tended to establish, as interpreted by the fortunate Anders, the truth 
of this generalization. 
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Mr. Holmes, after long and careful search, which has been carried 
to several parts of the country where the stone-chipping people must 
have lived, whether in pre-glacial or post-glacial time, has come to 
the conclusion that some other explanation is necessary for the occur- 
rence of "paleoliths " He is very skeptical as to the actual occur- 
rence of any human relics in the true glacial gravels in this country, 
and hence as to the existence of man in the United States prior to the 
last glacial epoch, lie finds the "paleoliths" mingled with "neoliths" 
at the sites of the quarries, where extensive working must have been 
carried on. They were plainly produced at one and the same time by 
the same people. 

Therefore he conceives the hypothesis that the "paleoliths" are 
simply the rough material, as it was first rudely blocked out, either 
rejected outright, when not satisfactory, or cached for preservation, 
or perhaps carried from the quarry to some village site where they 
were wrought at leisure to perfect implements. 

The paper discusses, in the light of this hypothesis, and illustrates 
by two plates, the distribution of Imth paleoliths and neoliths in the 
region of tlie Chesapeake bay, and particularly of the Potomac valley. 

A'o^' on (^mirtZ'hf firing (jahln'o in \f<inihind. U. S. (tRAXT. (From 
Johns Hopkins University circular. No. 103, Feb. 1893.) 

An interesting development of gabbro, in the vicinity of AVilming- 
ton, Del., northeast from Baltimore, has been described by professor 
F. D. Chester in Bui. 59, U. S. Geol. Sur. This has been found to con- 
tain notable amounts of (|uartz. Mr. Grant finds some of the gabbro 
in the immediate vicinity of Baltimore also contains from one-tenth 
to one-third of the whole rock of (luartz. The grains are macroscopic, 
allotriomorphic, blue and original in the rock. He suggests that the 
basic Baltimore gabbro is genetically and chronologically the same 
rock mass as the acid Wilmington gabbro-granite. 

Jinnrii rotil and liffnitc of Tc.an*. E. T. DrMiiu:. Report of the Geo- 
logical Survey of Texas. Koyal octavo, 243 pp., j)hites and map. Aus- 
tin, 1892. 

This work consists of a review of the (jualities, classes, origin and 
uses of brown coals and lignite, with special adaptations to the case 
of Texas. Mr. Dumble visited Europe for thepuriM)se and made care- 
ful studies of the methods of using such fuel. The volume contains 
much valuable information on thatsubject.with ample illustrations of 
furnaces suited for the combustion of brown coal and briquettes. A 
chapter is devoted to the geology of the brown coal deposits of the 
Eocene, and another to the occurrence and composition of the same. 
After a comparison of the Texas products with those of several coun- 
tries in Europe, hev reaches the conclusion that the Texas brown coals 
will supply an abundant material for fuel which will be both effective 
and cheap. 
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CORKESPONDENCE. 



The Glacial (teology of Martha's Vineyard Compared with 
THAT OF Long Island. It is only recently that I had the pleasure of read- 
ing professor Shaler's report on the geology of Martha's Vineyard, pub- 
lished in the seventh annual report of the U. S. Geological Survey, and 
I was struck with the similarity between it and Long Island, including 
the plain country, as the professor calls it, south of the frontal 
moraine. In regard to the latter he is correct as to it^ origin, but at 
fault, I think, u\ the conjecture that the stratified deposits compos- 
ing it were laid down beneath the waters of the sea. I am aware 
that its counterpart, the south side of Long Island, has always been 
considered a dereliction from the ocean, but after years of careful 
study I have failed to discover anything marine in its composition. 
A few shells are said to have been found in digging wells, but a dili- 
gent search for years on the part of the present writer, has failed to 
reveal the slightest evidence of marine matt<»r in these stratified de- 
posits. I presume it is the same with the plain country of Martha's 
Vineyard, and I cannot conceive how streams laded with detritus 
could mingle with the waters of the ocean and maintain a separate 
existence. Professor Shaler, however, thinks this is possible. He 
says: "At first sight, it may seem unlikely that the streams when 
poured into the sea. should be able to scour out channels for a mile 
or more beyond the ice front, but a similar work is performed where 
surface rivers enter the sea over the part of an extensive delta, 
though their currents were less rapid than those of sub-glacial 
streams urged as those streams were to their point of escape by the 
presence of ice as by the gravitative force given by their descent 
from the inland district." The professor is more competent to treat 
of this than the present writer; but I am very confident that future 
investigation will show that he is in error, at least, in regard to the 
presence of the ocean at the time when the plain country was being 
formed by subglacial streams. Nor is th(»re any evidence of oscilla- 
tion having taken place on these islands since the glacial age. I 
know it is dirticult to explain the different phenomena on any other 
hypothesis, but some other explanation must be found. 

It is held, that Long Island existed as a littoral plain in preglacial 
times, and that the old shore line was some ninety miles south of the 
present ocean beach, and that the land stood higher than now. 
flight it not have been tlutt tin' ttrn Icn'l nuis hjntrf The melting of 
the great continental ice-sheets must have had some effect on the 
ocean. The well at Woodhaven on the south side of Long Island 
reached the underlying rock at a depth of 500 feet below the present 
level of the sea, which is the depth of the Hudson river gorge where 
it reaches tlie old shore line. Admitting that the Island had sunk 
this mucli in postglacial times, it is not likely that the subsidence 
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took place all at once, allowing the water of the ocean to Hood the 
whole Island, for in this case we would have to provide for another 
elevation followed by a second subsidence, of which there is no proof 
whatever, unless it be in the stratified deposits of the north side of 
the Island which reach the altitude of 260 feet at Harbor Hill, but 
we know that such deposits can be formed by subglacial streams 
without an oscillation of land. It seems to me that the sea is nearer 
to our door than it ever has been since it overflowed its ancient bound- 
ary already referred to. 

The Island remains very much the same as it came from the hand 
of the glacier, the only change being made by the inroads of the sea 
along the coast. There is not so much sinking as a wearing away of 
the superficial deposits of which the Island is chiefly composed. 

As the sea invades the land, bays become part of the ocean, 
marshes become bays and swamps marshes ; and this accounts for 
stumps of trees being found under water ; for some of the swamps 
and other depressions go down below the present level of the ocean, 
and where the land barrier, which protects them, has been swept away, 
the trees, which grew in them, of course become submerged. 

That these marsh lands existed at one time south of the present 
sea beach is evident from the quantities of turf that are washed upon 
shore during heavy storms. It seems certain that the streams that 
laid down the stratified deposits on the south side of I^ong Island and 
Martha's Vineyard came from the mainland ; I think I was the first 
to notice this fact, and it seems to be confirmed by professor Shaler 
as he says in his report: "That the material. transported by sub- 
glacial streams, and accumulated in the kame and terrace deposits, 
was transported for a greater distance than the detritus that was 
carried in the body of the ice." 

This fact has not been sufliciently noticed in treating of the geology 
of Long Island, as it explains much that otherwise remains obscure. 
I claim that the indentations and bay depressions on the north side 
of Long Island owe their origin to subglaciai streams, and not to spurs 
of ice as maintained by Dr. F. J. II. Merrill, late of Columbia College.* 
I have traced the connections of these streams from the sound to the 
sea, and while it is diflicult to follow them in all of their ramifications, 
yet their relationship can be proven, I think, beyond all question. 
The connection, of course, is now lost between the Island and the 
mainland, but the corresponding depressions on both sides of the 
sound suggest, if they do not imply, that they were at one time 
united. They must have been, of course, if it be true that the sul)- 
glacial streams came from the mainland. Martha's Vineyard has 
the same bay indentations on the north ending in ponds or marshy 
depressitms as on Long Island. Professor Shaler sees some relation- 
ship between them and the kame and terrace formations of the plain 
country on the south, and he notices the same fact, which I have often 

•See hiH paiMT on the Cioologv of Lcuiir iMland. AnnaU of New York Acad. <»f ^^(•lellce, 
Vol, III, 1K41. 
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spoken of in treating of the drift phenomena of Long Island, that 
where the frontal moraine is broken, these southern kames become 
more prominent, and these gaps always occur in the moraine where 
the streams come up from the north. In places there will be only a 
line of kettle-holes to mark the ancient line of drainage, and in other 
places as at Hempstead the moraine is nearly swept away. The old 
channels are always visible south of the ridge, but the depressions 
are mostly dry until nearing the bays on the south, where they are 
.kept open by the tides or are fed by springs like the Seatuck river 
which flows into Moriches bay. This river is only about a mile in lengthy 
yet the old channel is traceable to the front of the moraine nearly 
four miles distant. 

I mention these facts as they may tend to throw some light on the 
formation of both islands, for it seems to the present writer that the 
surface portions at least are all one as to time and origin. 

Professor Shaler has observed very closely, but he has failed, I 
think, to fully understand the imports and connections of the old sub- 
glacial currents with the mainland, and their effect on the contour of 
the whole Island, for, studied in this light, I cannot see how any one 
can conjecture that any disturbance has taken place in postglacial 
or interglacial times, or that the sea held sway over any part of the 
Island during the deposition of the glacial detritus. 

Ea)<t/}ort^ L. /., \. )'., Xov. 20^ 18fU. Joirx Brvsox. 

Remarks o.v a i'akt of the review ok the Third Texas Report. — 
Although I was not connected in any way with the review of the Third 
Annual Report of the Geological Survey of Texas, published in the 
November mimber of The American Geologist, pp. 311-313, 1 beg the 
permission to say, that it is a fair and exact exposition of the Third 
Texas Report, and I fully indorse what the reviewer said about the 
geology of Tucumcari and Pyramid mount. 

Mr. Robt. T. Hill's letter published in the December number, pp. 
333-334, contests the statement that my "determination of the Jurassic 
age of the Tucumcari beds in New Mexico has been sustained by Capt. 
('. E. Duttoii, Prof. A.Hyatt and himself, and opposed by Prof. Jas. 
Hall and l)r. J. 8. Newberry ;" and he goes so far as to protest against 
the use of those names "in a manner unauthorized" by Messrs. Dut- 
ton, Hyatt and himself. 

Major Dutton has used my determination of the Jurassic in New 
Mexico, on the Zuni plateau and round mount Taylor, based on the 
discovery I made first at the Tucumcari region, and carried westward 
through the valley of the Rio Grande. The same area west of the 
Rio Grande surveyed by me in 1K53, was resurveyed several years 
after by Messrs. Newberry and Gilbert ; and both published geological 
maps, entirely devoid of the Jurassic formation. So in that part of 
New Mexico, major Dutton has sustained my determination of the 
Jurassic, as I first found it at the Tucumcari. No authorization is 
wanted to allow any one to <iuote the paper of major Dutton. 
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Prof. A. Hyatt has not ])ublished yet anything on his exploration, 
of a part of the Tucumcari region, in 1889. In conversation with me 
he said: "The fauna he has collected is an upper Jurassic fauna." 
He did not ask me to keej) it as a .secret, and I did not ask him the 
authorization to use his opinion in any of my papers. However I re- 
frained carefully to (juote his view, if I remember right, for I cannot 
find anywhere in my publications a reference to Prof. Hyatt's ex- 
pressed opinion. In private letters, I may have said, that Prof. Hyatt 
agreed witli me on the Jurassic age of the Tucumcari rocks ; and I do 
not see any harm in the author of the review to have given the name of 
Prof. Hyatt, as having sustained my opinion. If Prof. Hyatt publishes 
his observations and comes to a different conclusion, he can correct 
his first opinion, which although not recorded in print, was certainly 
expressed in words to me. 

Now Prof. Robt. T. HilTs part in the (piestion is rather curious, for 
it is erratic in the extreme. First he published the 18th of November, 
1888, the following paragraph: "The reattirmation of the age of the 
Tucumcari section ... to be uppermost Jurassic, as originally 
descril^ed by Marcou." Then in April, 1892, he gave another conclu- 
sion upon the geology of Tucumcari, as follows: "The writer has 
twice visited the mesa Tucumcari. . The table or summit de- 

scribed by ('apt. Simpson is covered with the typical Llano Estacado 
formation. . . Below this is a vertical escarpment of 50 feet or 
more of typical Dakota sandstone, nesting upon loose sands and clays, 
forming a sloi)e identical in tvspect and fossil remains with the Deni- 
son beds of the Washita division. . . . Beneath this is a large de- 
posit of the typical Trinity sands country, of white pack-sands, thin 
clay seams, and flagstones, while the base is com])osed of the typical 
vermilion sandy clays of the Red beds." 

Although all is ti/pical according to Mr. Hill, it is nevertheless diffi- 
cult to see clearly what he means, for he gives no practical section of 
a single K)cality, like my sectio?i at Pyramid mount ; no fossils of any 
sort are quoted, no place even on the whole area is named for an 
observation, and the thickness, stratigraphy and even lithology are 
all confused. If j)laced in a tabular view, in order to try to under- 
stand Mr. Hill's conclusions, we have tlie following stratigraphic series: 



Mr. Hili/h Sekieh op IKU'i. 



30 feot or mori» of typical Dakota ^alul■ 
stone. 

Loom! ftands aiul cla>> id»*nti('al with tlio 
Donison b«'d8 of the Was^hita Divit^ion; 
Nothlckiit'SH. 

Lar^e deposit of typical Trinity 8andt<, 
with pack-ttandf*, thin chiy seainw and 
flagHtone. No thickness given 



Typical vermilion ^andy clay?* of tlie R»»d 
bed^. No thicknefH given. 



Maiu oi"s 8ERIKS or IS'iS. 



(i.— White liniet*tone, 2 feet. 

F.— Yellow ealcareonj* i»and(<tone, oO feet. 

K.— Blue clay with (iryphon tucumcari 
and Osti'fa /namfiii^ :iO f«M»t. 

1). C. and t*. — White and yellow !*and- 
ftonex, 113 feet. 

Variegatwl niarln of the Keuper or Up- 
per Tria»«, .'lOOfeet. 
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The upper part, corresponding to my divisions G. and F. of 
Pyramid mount, is referred by Mr. Hill to the typical Dakota sand- 
stone, which means the lower part of the true chalk or Upper Cre- 
taceous. As he gives no list of fossils, it is impossible to compare it 
with the typical Dakota sandstone of Nebraska. The middle part, 
corresponding to my division E. with the Gryphiea tucumcari and (Mrea 
mar»hii, is referred by Mr. Hill, to his Denison beds of his Washita 
division, that is to say, to his uppermost part of what he calls his Lower 
l.-retaceous. No list of fossils is given, so it is impossible to know if the 
Grifphiva tucutncarltLud Ostrea ynarshiihawe been found by him at Deni- 
son, and to compare the fauna of the Tucumcari with the fauna of 
Denison. 

The lower part, corresponding to my divisions D. C. and B., is referred 
by Mr. Hill to the typical Trinity sands. No list of fossils is given for 
the Trinity sands of Texas, nor for the Trinity sands of Tucum- 
cari. 

As a whole, the conclusion arrived at, in 1892, by Mr. Hill, is the 
reattirniation of the age of the Tucumcari section, to be Nebraska 
Cretaceous, as originally described by Mr. James Hall, in 1867. 

Between those two reaffirmations, one Jurassic and the other Cre- 
taceous, and both without any paleontological, stratigraphical and 
lithological proofs; it is rather per])lexing to know on what ground 
and on what observations Mr. Hill has based his conflicting opin- 
ions. 

According to Mr. Ilill the Tucuint^ari region is an ^'inaccessible 
locality." So it was wlieii I visited it in 1853 ; but since 1887 it is 
easily acce.-^sible, for it has been visited twice by Mr. Hill and once 
each by Messrs. Hyatt, I. C. Russell and ('(ininiins 

The method of correlation employed by me was to give names of 
the fossils discovered and their relations with typical European fos- 
sils ; and as soon as practicable I liad the fossils figured and published 
as early as 1855, two years after my exploration, and I described them 
with details in 1858; so, in less than five years every proof was given 
in full, with geological map and sections, notwithstanding the great 
difficulties of having my ])a])ers published first in French in Paris, and 
afterward in English at Zurich (Switzerland). 

Mr. Hill acts difl'erently, and his method of correlation consists 
simply in reattirmation of the conclusions of others, without giving 
any proofs or even any reasons for so doing. 

Incornn't paleontology and inexact stratigraphy and lithology have 
been used constantly against my observations. Is it too much to ask 
my opponents to publish soon a complete monograph of the Tucum- 
cari region? Under rather difficult circumstances I have contributed 
my pione;»r share to the knowledg:^' of the geology of a country abso- 
lutely unknown until my exploration of 1853. Now it is their turn to 
publish what they have seen and found. Ji i.es Marcou. 

('iUnhrltf'fr, Mass., pre. lH, 1SU,\ 
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llelation of the Attenuateii Drift Bonier to the Outer Moral ne hi Ohio, I 
am much surprised at a statement which Prof. Wright makes in the 
February Geoloijist concerning the relation of the oldest moraine 
which I have traced in Ohio to tlie attenuated border of the drift 
sheet, the statement being that my studies support his view that the 
fringe is but an appendage of the moraine. The error contained, in 
this statement is so great that I must beg leave to correct it by call- 
ing attention to the following facts: 

Ist. The moraine in question lies back from fifteen to forty miles 
from the glacial boundary and the interval between the moraine and 
glacial lK>undary is in the main an elevated district covered with till 
and not with overwash material. Both the width of the interval and 
the character of the drift material forbid our considering this sheet 
of drift a dependency of the moraine. 

2d. The course of the moraine in southwestern Ohio is not at all 
in harmony with that of the glacial boundary, there being a reentrant 
angle in the moraine opposite a southward protrusion of the boundary, 
and a protrusion of the moraine oppoeita a re-entrant angle in the 
l>oundary, a lack of harmony which causes the distance between the 
moraine and the boundary to range from fifteen miles up to fully 
forty miles. (The distance between the glacial boundary and this 
moraine is found to be far greater upon tracing the moraine westward, 
being in Illinois at least 120 miles.) 

3d. The deposition of the outer sheet of drift is separated from 
that of the moraine by a time interval as great as has yet been found 
anywhere in the complex series of glacial deposits within the eastern 
half of the Missi.<sippi basin. This time interval involves, (a) The 
development of a soil attended by oxidation, leaching, and erosion of 
the surface of the extra-morainic drift, (b) A depression of the re- 
gion from a level apparently as great as the present (800 to 1,0(X) feet 
A. T.) down to a level within the reach of flooded stnges of the 
streams, there being upon the eroded and weathered surface of the 
uplands a silt deposit several feet in depth, locally known as white 
clay, which is to all a])pearance a water deposit, (c) A re-elevation 
to an altitude as great as the present accompanied by great erosion 
of the loess and associated silts along the principal drainage lines, 
after which deposits of coarse gravel were made by the glacial floods 
which occurred at the time when the morainic line under discussion 
was occupied by the ice-sheet and which lead down the valleys at lev- 
els far below(300 to 400 feet ) the level of the upland silts just mentioned. 

In other words there were between the time when the ice-sheet 
reached the glacial boundary and the time when the moraine under 
discussion was formed three distinct depositions separated from each 
other by long intervnis marked by considerable orographic movements 
as well as by soil accumulation, oxidation and erosion. In view of 
these facts I cannot support Prof. .Wright in the statement that my 
studies bring corroborative evidence of his view that the old drift 
sheet outside the moraine is but an appendage of it. 
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Prof. Wright's statement also conveys the idea that throughout the 
^ entire width of the glaciated district moraines which lie nearest the 
glacial boundary are necessarily contemporaneous. Prof. C^hamberlin 
long since called attention to the fact that the moraine which lies 
near the glacial boundary in ea.*itern Ohio departs from the boundary 
in south central Ohio, and that in regions farther west there are 
other moraines lying outside this moraine. It has been his effort 
through his own investigations and those of his associates to trace out 
carefully the entire system of moraines and determine what their 
exact correlations may be. Precise correlations are yet to be shown 
but the facts at command make it necessary to dissent strongly from 
Prof. Wright's view. In Ohio the outer moraine of the southwestern 
portion of the state is not the outer moraine of the eastern and cen- 
tral portions, it being lost to view beneath the later moraine above 
referred to before reaching the Scioto valley. In Indiana and Illinois 
8till greater shifting and overriding took place, a later group of 
moraines crossing an earlier group at high angles. This later group 
may prove to be the correlative of the outer belt of moraines in east- 
ern Ohio and western Pennsylvania but upon this point final judg- 
ment cannot be rendered until the moraines are given further study^ 
Enough has perhaps been said to make it evident that the complexity 
of the drift deposits and the difhculties of correlation are far greater 
than Prof. Wright has represented. Frank Leverett. 

4t(li (imvd Boulevnnl, Chicago, III., Feh. fi, ISU.l. 

The Illinois State ^Itseum. I beg to thank you for yourcourteous 
comment on the work of the Illinois State Museum in the last issue 
of the Amerk'an Geologist. 

In justice to several prominent scientists, who have gratuitously 
rendered important services to the Museum by revising our collec- 
tions of Illinois fossils to be exhibited at the Columbian Exposition^ 
I wish to add to the names mentioned in your article, the following,, 
viz.: Prof. James Ilall, who has revised all our brachiopods; Mr. 
Charles Wachsmuth, the crinoids, Dr. (\ Rominger, the corals; Mr. 
David White, the Coal Measure plants; Mr. J. M. Clarke, the trilo- 
bites; Dr. Ch. E. Beecher, the Ceratiocaridir ; Dr. C. A. White, the 
Cretaceous and Tertiary mollusca ; Prof. E. D. Cope, the Tertiary 
fishes; Prof. Milton Whitney is now preparing a report on mechanical 
analyses of a large series of soils of the state ; captain A. W. Vogdes 
has prepared a bibliography of publications on the palaeontology of 
Illinois, and Prof. J. ]Nr. Nickles, of Sparta, 111 , volunteered his last 
summer vacation in constructing a longitudinal section from East St. 
l/ouis to Shawneetown, and collecting samples of all the strata out- 
cropping along this line. I hope to have still other names to add ta 
this list before the opening of the Exposition. It would be but fair 
to add that a large share of the work has been ably done by Prof. J. 
A. Udden of Augustana College, Rock Island. 111., and by W.m. F. 
Nicholson, both of whom have been employed by the Illinois Board 
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of World's Fair Commissioners to assist me in preparing the exhibits. 
Prof. Udden has had charge of the construction of a section across 
the state from Hock Island through La Salle to the Indiana state 
line, and Mr. Nicholson has, since July, 1891, assisted me in all the 
various works in the office, besides doing some field work in Union, 
Alexander and Calhoun counties. 

JOSI'A LiXDAHL. 



PERSONAL AND SCIENTIFIC NEWS. 



The Iowa Academy of Scmences held its annual meeting at 
Cedar Rapids, Iowa, on the 27th and 28th of December, 1892. 
The geological papers were: (1) The Relation of the Cretaceous 
Deposits of Iowa to the Subdivisions of the Cretaceous proposed 
by Meek and Haydeii, and (2) Note on the Structure and probable 
Affinities of Cerionitex dactyloides Owen, by S. Calvin, (3) Nat- 
ural Gas and Oil in Iowa, and (-4) Some Mineralogical Notes, by 
C. R. Keyes, (5) From Ford to Winterset, by J. L. Tilton. The 
other papers were chiefly biological. The Academ}' is fortunate 
in that the legislature, at its last meeting, provided for the publi- 
cation of the papers and proceedings at the expense of the State. 

Prof. L. H. Pammel, of the Iowa Agricultural College, was 
elected President, and Herbert Osborn, Secretary and Treasurer. 
The President of the Academy is e.r-officiit a memlwr of the Board 
having control of the new Geological Survey of Iowa. 

Geikieite and Baddelevite: Two new minerals vrom 
Ceylon. The former, in the shape of pebbles, is a magneslan 
titanite. The latter is crvstallized zirconia and is named after the 
collector, J. Baddeley. 

A New Meteorite. A meteoric body of an estimated weight 
of twenty tons fell in the vicinity of Jiminez, Chihuahua, Mex- 
ico, about four months ago and is now in the Mexican Museum. 
In its fall this enormous body struck the side of a clitf , uncover- 
ing a rich vein of silver ore. 

The Kansas Board of AuRicrLTrRE has appointed Prof. C. 
S. Prosser of Washburn College, one of the geologists of the 
Board. Notwithstanding there is no authorized geological sur- 
vey of that state in progress, there is prospect that the explora- 
tions of Prof. Prosser will result in considerable additions to our 
knowledge of its geology, for he intends to enter upon a season's 
work in the regions of the Carboniferous and Permo- Carbonif- 
erous. 

The State College of Kentl'ckv, Lexington, has just estab- 
lished for the first time the department of Geology, and A. M. 
Miller is the first incumbent. 
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The Annital (teolooical Expedition from the Johns Ho{i- 
kins University, will take place between May 20th and June 10th. 
The excursion will cross the Piedmont plateau and the Appala- 
chians. The ancient volcanics and the Cambrian sandstones 
of South mountain will be examined, also the great fault between 
the upper and lower Silurian strata at Cherry run, on the Potomac. 
Parties desiring to participate should communicate with Prof.G. 
H.Williams. 

Mb. John Everman has presented to the Princeton Museum 
a set of casts of Rhytinn ^it/ax Linn, after the originals in the 
British Museum. The number of casts is 20. that of the cranium, 
measuring 2\ feet, being the largest. 

On Nov. 14th, before the New York Academy of Sciences, 
Mr. A. Hollock described some additions to the palaeobotany of 
the Cretaceous on Staten Island. Dr. H. F. Osborn, *»The Cre- 
taceous Mammalia in the Museum of Natural History, Central 
Park," exhibiting some new material just received. Mr. Bash- 
ford Dean showed a new Cladodont shark from the Cleveland 
shal^. 

On Nov. 21st, Dr. Osborn delivered an illustrated lecture on 
**The Rise of the Mammalia.*' 

On Dec. 21st, Dr. J. L. Wortman discussed the Mammalian 
Fauna of the Lower Miocene of White River. Dr. Osborn, **A 
New Artiodactyl from the Lower Miocene.*' 

On Feb. 13th, Dr. E. D. Cope deliverej) a lecture before 
the Franklin Institute of Philadelphia on '*Late Additions to our 
Knowledge of the Evolution of the 3Iammalia and Man." 

Died. Dr.W. H. Melville, chemist, of the Geological Survey 
' of Texas, died suddenlv of heart disease on Friday, Feb. 17, 1893. 

Sir Richard Owen,'^K. C. B., M. D., J). C. L., LL. D., F. R.S., 
F. L. S. , F. (j. S. (li. & E.), died at his residence in Richmond 
Park, liondon, at the age of H8 years. For over half a century 
this celebrated anatomist worked as a leader in the field of ver- 
tebrate palaiontolog}' and his communications number many hun- 
dred. Some of his best known studies are ''Descriptive and 
Illustrated CaUilogueof thcHunterian Collections" (published in 
1840 after 12 years of preparation), 'On Trichina spiralis^'" 
* 'Anatomy of the Vertebrates," "Odontography," "Description 
of Fossil Reptiles of South Africa." -Researches on Fossil Mam- 
* maliii of Australia and Fossil Marsupials of England," "The 
Extinct Birds of New Zealand,*' -On the Megatherium, ' "Rep- 
tiliji of the AVealdcn and Purbeck. " ''Reptiliaof the Cretaceous," 
"On the Aye- Aye. " He was for many years Director of the 
Huntcrian Museum, and later. Director of the British Museum 
of Natural History. 
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VESTIGES OF EARLY MAN IN MINNESOTA. 

By W. H. Holmes, Washington, D. C. 

Of the various sites reputed to have furnished evidence of the 
former presence of glacial man in America, Trenton, New Jersey, 
has always taken precedence and is still the focal point of in- 
terest to students of the question. Next in importance, so far 
as the literature of the subject indicates, is the site at Little 
Falls, Minnesota. Observations began at Trenton about the year 
1885, and a very considerable number of finds were reported, and 
the case in favor of a paleolithic gravel man was well formulated 
before the late Miss Franc E. Babbitt made her report upon the 
discovery of specimens of rudely flaked quartzes in the village of 
Little Falls. Attention had been called to the Minnesota site, 
however, before Trfenton came into notice, by professor N. H» 
Winchell, state geologist of Minnesota, to whom belongs the 
credit of the discovery of relics of human handicraft in Little 
Falls as well as the credit of accurate and complete observation 
of the occurrence of objects of flaked quartz in the superflcial 
glacial deposits. In the year 1877, in making a reconnoissance 
of Morrison county he spent several days in the vicinity and made 
the interesting observations recorded in the following paragraphs 
quoted from the sixth annual report of the state survey. In 
looking for evidence of what was known as '*Pike's Stockade/* 
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about two miles below Little Falls, on the east side of the river 
he observed, to quote his exact words: 

*Tleces of chipped white quartz, which from their sharpness, and 
their color, indicate an artificial origin, and attract the eye of the 
visitor. It was only after a handful had been gathered, that at last 
an imperfect arrow-head was found. These chips, at this point, were 
found only over a small area, indeed they were not looked for at 
other points up or down the river, nor at any depth below the surface. 
This quartz, which is white and opaque, was evidently taken from 
some vein in the slate in this neighborhood, for the slate at Little 
Falls has several veins of that kind of quartz. 

"Subsequently, however, these chips were found to extend over a 
larger area, and to be incorporated with the materials of the river 
banks. * * * * They are found, not only on the surface of the 
flat on which Little Falls village stands, especially near the river, but 
on excavating the bank near the river, making a perpendicular sec- 
tion, they are found to extend downward three or four feet into the 
sand and gravel. A person in digging half an hour might find twenty- 
five or thirty. The material in w-hich they occur is a homogeneous 
sand, passing downward gradually into a coarse sand and finally into 
a gravel. This flat along the river on the margin of which they are 
found, is about twenty-seven feet above the river, and is now never 
covered by it. The bank itself may be divided into three parts, as 
follows, in descending order: 1. Loam sand, gravelly below. 2. 
Gravel, becoming stony below. 3. Hardpan-drift, containing bowl- 
ders.* * * ♦ 

"The quartz chips occur in No. 3 [of the section on p. 65], and abun- 
dantly on the flat (somewhat lower than the average here) directly 
opposite Little Falls, in the neighborhood of the trap dyke. They 
extend up and down the river also an unknown distance. They were 
found at the mduth of the Little Elk, two and a half miles above 
Little Falls. The belt on the west side which seems to afford them 
is about 40 or 50 rods wide, but something less than y^ mile on the 
east side. On the west side they appear in the soil when large trees 

tearitup."t ♦ * ♦ ♦ * 
"When they were first observed they were taken to be of much later 

date than they seem to be, indeed they were associated with the 

builders of the mounds and ridges that are seen at Little Falls and 

many other places in Minnesota, attributable to a race known as the 

Mound-Builders, who preceded the present Indian races. But these 

mounds and ridges at Little Falls are built of the very sand, and are 

situated on the very same plain in which these chips occur. In other 

words, the Mound-Builders dwelt at Little Falls since the spreading 

of the material of the plain ; hence they are post-glacial. The chipping 

races, if these chips are of human origin, preceded the spreading of 

the material of the plain, and must have been pre-glacial ; since the 

•WInchelli N. H., Sixth Annual Report Minn. Geol. Survey, |>. M. tlbid. p. 66. 
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plain was spread out by that flood-stage of the Mississippi river that 
existed during the prevalence of the ice period, or resulted from the 
dissolution of the glacial winter. The fortunate juxtaposition of 
these two classes of human remains enables us to establish this im- 
portant general truth."* 

My own observations confirm, in every respect, those of pro- 
fessor Winchell, but the examination of other groups of related 
phenomena makes it necessary to revise his inferences and con- 
clusions. Finding relics of art deeply imbedded in the loam 
capping the terrace, he inferred that the site was occupied by 
men during the closing episodes of the glacial period, and coup- 
ling this idea with the fact that the shaped relics were all ex- 
tremely rude he further inferred that the culture of that time 
must have been paleolithic. My investigations have shown, how- 
ever, that the flaked quartzes were probably not originally in- 
cluded in the loam but rather that they were introduced into it in 
post-glacial times, and that they were rude because mere shop 
refuse, the period of occupation thus, in all probability, corre- 
sponding to that of our historic aborigines. In those views pro- 
fessor Winchell now fully acquiesces. 

Several years later Miss Babbitt engaged in investigations at 
this place. Finding numerous flaked quartzes outcropping along 
the terrace front near the base, she assumed that the deposit was 
interbedded with the gravels at this level and inferred that man 
must have occupied the site early in the gravel forming epoch. 
Being unable to explain the fact that the flaked objects were 
all of rude types without supposing an exclusively rude state of 
art, she was led to assign them to a paleolithic culture. My re- 
searches make it plain, however, that the original observations 
were vitally defective and that the inferences and conclusions are 
wholly unsupported. 

Miss Babbitt was a teacher, resident temporarily in Little Falls, 
and devoted much attention to the collection of archeologic data. 
Her first report upon the finds of flaked (quartz was read before 
the Minnesota Historical Society in 1880, but nothing seems to 
have been printed at that time. A fuller account was presented 
at the meeting of the American Association in Minneapolis in 
1883, an abstract appearing in the proceedings. In the Ameri- 
can Naturalist for 1884tan extended paper was given embody- 

♦Ibld. p. 56. ~" ' 

tFranc E. Babbitt. Vestiges of Glacial Man in Minnesota. Ameri- 
can Naturalist, Vol. xviii, p. 584. 
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ing all the observations and deductions relating to the sub- 
ject. 

1 will not quote from the writings of Miss Babbitt, save in so 
far as may be necessary to convey a clear notion of what she says 
upon vital points, and shall only do this when the reference is 
essential in explaining the relations of her observations to my 
own. 

■ Besides the above mentioned investigations of professor Win- 
chell and Miss Babbitt, no work has been done upon the archeol- 
ogy of this region, although other writers, notably Mr. Warren 
Upham, professor G. F. Wright, and Mr. Henry W. Haynes, taking 
for granted the correctness of all the original observations and 
conclusions, have ventured to enlarge upon the material pub- 
lished. 

Professor Winchell revisited Little Falls at the period of Miss. 
Babbitt's later Investigations and accompanied her to the site of 
her finds. He did not attempt, however, on this occasion to do 
more than examine the surface phenomena at the ^^notch" and, 
although not fully satisfied with the deductions of Miss Babbitt, 
did not enter into the further discussion of the subject. 

In returning from the copper mines of Isle Royale in June, 
1892, I paid a visit to Little Falls and had the great good fortune 
to be joined by professor Winchell, who identified for me the site 
of his original discoveries as well as that of the subsequent in- 
vestigations of Miss Babbitt. 

Before describing my work at the latter point I will sketch 
briefiy the general archeologic features of the vicinity presenting 
the results of such observations as bear directly upon the ques- 
tions of the age and character of the fiaked quartzes. The Mis- 
sissippi river in this part of its course fiows in a somewhat sin- 
uous channel cut to a depth of from twenty to forty feet through 
a glacial terrace. Until a few years ago the river descended in a 
succession of rapids through what is now Little Falls village. A 
dam twenty feet in hight was built across the lower end of the 
rapid in 1888, and this has backed the water up for a consider 
able distance, drowning the banks to depths decreasing gradually, 
with the distance from the dam. The main terrace has a rather 
even surface which rises from ten to twenty feet above the level 
of the back water. A limited bench, a post-glacial fiood plain, 
on the west side, is several feet lower. The place affords an ideal 
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site for settlement either by savage or civilized communities. 
The occupation of the terraces adjoining the rapids by our his- 
toric aborigines was natural and inevitable, and I began at once 
to seek evidence of their presence, hoping readily to secure 
. material for a comparison of their arts and industries with the re- 
puted works of the ice age. Village sites were easily found on 
the terraces adjoining the lower end of the former cascades, one 
on the east side occurring on the remnant of a subordinate bench 
at the end of the dam and another on the west side three or four 
hundred yards farther down. 

The western village was located on the post-glacial flood plain, 
and was manifestly recent, the site being covered with clusters of 
fire-marked stones — boiling or hearth stones — and with flaked 
quarts^refuse and hammerstones of ordinary types. The entire 
surface was grassed over and observations could not be readily 
made save on the banks of the river and in gullies cut by mill-race 
overflows. On the surface of the terrace perhaps one hundred and 
fifty yards below the west abutment of the dam, a wagon trail had 
cat the sod, exposing a nest of quartz fragments, which I dug out, 
finding them to be the usual quartz shop refuse consisting of 
flakes, partly shaped rejects and angular masses. The cluster was 
some three or four feet in horizontal extent and two or three 
inches deep in the middle, thinning out at the margins. It had 
not been seriously disturbed since left by the arrow-maker, save 
perhaps that such large pieces of stone as projected above the sod 
had been removed. In the side of a deep wash just below the 
lower mill, and between three and four hundred yards below the 
dam, the section of a similar shop cluster was exposed. There 
was visible in the vertical bank only a band of white chips, two or 
three inches deep in the middle and thinning out at the edges as 
in the other case, the deposit being covered by an inch or two of 
soil. Working this material out carefully with a hand pick, 1 se- 
cured about a peck of the ordinary quartz refuse and two pitted 
stones; the latter were found near what was originally the middle 
of the shop, just as left b}- the artisan who did the work. 

These stones are both quartzite bowlders. The larger is but 
imperfectly rounded, being rudely pyramidal. It is six inches 
long and four in greatest thickness. One flattish side is deeply 
pitted by pecking, and the opposite side is slightly roughened by 
the same process. The pointed end is battered, indicating that 
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the object was used as a hammerstone, the pits accommodating 
the thumb and opposing finger. The smaller stone is irregularly 
discoid, is three and one-half inches in greatest diameter and one 
and a quarter inches thick. The sides are rudely pitted. The 
pecking has been done with a sharp stone carelessly used and the 
depi^essions are very rough to the finger tips. The margin or per- 
iphery is slightly battered by use. The occurrence of these two 
pitted stones of such varying size on a simple shop site furnishing 
no large fragments of quartz, led to the surmise that possibly the 
larger was a kind of anvil upon which the quartz fragments were 
placed to be splintered by the smaller stone. Both may, however, 
be simple hammers tones. The essential observation in regard to 
them as well as to the clusters of splintered quartz is that all are 
evidently of modem aboriginal origin. 

On a somewhat higher level about half a mile above the dam^ 
near a large lumber mill, I found another shop cluster of like 
character, the fragments being distributed to somewhat greater 
depth through disturbance of the original bed. Near by was a 
3mall artificially discoid hammeistone of granite. 

These shop clusters all contain the ordinary flakes, fragments 
and rejects of blade-making, characteristic of quartz shop-refuse in 
all parts of the country. The ground on the west side of the river, 
wherever disturbed by plow, pick or wheel, is found to contain 
more or less fragmental quartz of corresponding forms. It was 
apparent that the supply of raw material was easily and generally 
accessible, and I six)n found that over a large part of the second- 
ary flood plain the alluvial deposits are very shallow, being un- 
derlain by Huron ian slates through which run numerous heavj' 
veins of quartz. A trench from two to four feet deep carried along 
a newly laid railroad track, a few rods back from the river, ex- 
posed many of these veins and white workable masses of quartz 
were scattered about in profusion. These ancient formations rise 
considerably- above the present level of the back-water and certainly 
reach to within eight or ten feet of the surface level of the main 
glacial terrace. This fact, it seems, had not been previously ob- 
served. The only well marked village site found on the east side 
of the river is located on the remnant of a subordinate terrace 
which connects with the abutment of the great dam. The terrace 
is from three to six feet above the water of the dam, and falls off 
abrupt!}' below some twenty feet to a lower level. Originally there 
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was here on this camp site a slight convexity of the surface, the 
result, no doubt, of building up of kitchen-midden material. The 
remnant of this accumulation is occupied bj' a blacksmith shop 
and could not be thoroughly examined. A section exposed b\^ re- 
cent repairs to the dam shows about eighteen inches of dark soil 
filled with quartz fragments, charcoal and decayed refuse, resting 
upon stratified gravels. The latter are apparently only a few feet 
deep and rest upon the quartz-yein-bearing slates, of which excel- 
lent outcrops are seen in the bank below. The main terrace lies 
about one hundred feet back and rises six or eight feet above the 
village-site level. 

The location and character of this site would seem to show con- 
clusively that it was occupied in comparatively recent times. Many 
of the quartz bits and masses are partially shaped as in other places 
where implements were made. No other works of art were found. 
Quartz veins are exposed in the banks and bed of the river below 
the dam and on Mill island opposite, and I am informed by pro- 
fessor Winchell that large and conspicuous outcrops of quartz- 
veins were to be seen, before the dam was built, in the slates form- 
ing the bed of the rapids above. Considerable quartz flaking was 
done at various points along the bank of the river for nearly a 
mile down. 

On Oak street, two or three hundred feet northeast of the vil- 
*l^e-site midden, I found an interesting shop cluster. The street 
is sunk a few feet into the level terrace exposing the surface de- 
posits of sandy loam and making a section of the cluster of quartz 
shop- refuse; it was seen that this deposit did not lie in a horizon- 
tal bed just beneath the surface, as in the cases observed on the 
west side of the river, but that portions of it were disturbed, the 
fragments being distributed through the soil to a depth of a foot 
or more b}' some agency not clearly apparent. At other ()oints 
near by I observed isolated and widely disseminated flakes pro- 
jecting from the bank down to a foot or two beneath the surface. 
On the river bank three or four hundred feet farther north, and 
near the foot of Elm street is tlie site of professor Winchell's orig- 
inal discovery of flaked quartzes distributed through the loam. 
This portion of the terrace, lying about the eastern entrance to 
the bridge, has been much occupied by the aborigines and is 
strewn with flakes and fragments of quartz. 

Further evidence of the modern occupation of the terraces 
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about Little Falls is found in the preBeooe of moands and earth- 
works and in the discovery of arrow points of quartz and other 
ordinary Indian implements. From these varied observations it is 
plainly seen that this locality was extensively occupied by our his- 
toric tribes, and the evidence is ample that they made free use of 
the quartz, outcropping at so many points, and that the refuse 
resulting from the manufacture of their implements is identical in 
every way with the relics obtained bj' professor Winchell and Miss 
Babbitt. 

I paid m*y first visit to the site of Miss Babbitt's well known in- 
vestigations in company with professor Winchell and Mr. W. W. 
Williams, of Little Falls, and the former identified and pointed 
out the exact spot on which the finds were made. So far as can 
now be seen the conformation of the ground is accurately described 
by Miss Babbitt, although since the period of her studies the river 
has been much altered by a dam and at this point the water has 
been raised eight or ten feet. The chief change produced is the 
entire drowning of the lower flood plain, which, if I am correctly 
informed, extended from near the base of the bluff several hundred 
feet outward to the margin of the main channel. A little farther 
down the outer and higher portion of this plane is still visible 
during periods of low water and is known as Boom island. It is, 
or was, separated from the present shore — the main bluff face — by 
a shallow channel. The water now rises to within an average of 
about twelve feet of the summit of this bluff, washing the slope 
a little below the level of the supposed outcrop of artificial 
quartzes. 

At this point a shallow water-way or wash called the **notch," 
by Miss Babbitt and formerly occupied as a wagon road, leads 
obliquely down the slope to the water's edge. Before the dam 
was built ferry boats landed at a lower level, and in aboriginal 
times this spot was no doubt the upper end of a portage by 
means of which the rapids were avoided. Save for this break 
the bluff is continuous for a long distance, rising in places at a 
steep angle, but having at this point a slope of perhaps twenty or 
twenty-five degrees; the old roadway has a more gentle inclina- 
tion. The accompanying sketch map conveys a clear notion of 
the topography of the spot and indicates the nature and extent 
of m}' trenching operations. 

It was observed that the sloping sides of the shallow roadway 
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irere somewhat freshly broken down exposing the black surracc 
loam a few inches thick and portions of the yellowieh sandy loam 
beneath. The former finds of flaked quartz were made mainly 
nt X X, fig. 1, just above where the water now washes >the north- 
«rn baak of the roadway, and I found many specimens project- 
ing from the soil at this point; but examination developed the 
fact, not observed by Miss Babbitt, that others were present, 
though more sparingly, in the dark loam on both sides of the 
roadway all the way up. I began a trench at the water's edge, 
as indicated by the heavy dotted lincB, and carried it into the 
terrace, descending at intervals two or three feet below the water 
level. On the submerged slope as far below water level as it 
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■coold be examined, the quartzes were apparently confined pretty 
much U) the surface. The main deposit of shaped pieces, the 
Babbitt bed, res(«d upon a bed of nearly pure sand sloping gently 
upward from the water level. 

As the trench advanced large numbers of the quartz fragments 
were encoantered and it was observed that they corresponded 
closely in every way witii those described and illustrated by Miss 
Babbitt and with those fouud npon and near the surface on the 
river banks below. There were in the deposit considerable 
masses of white quartz, just as they were derived from the veins, 
smaller fragments, bits, flakes and many partially shaped pieces 
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evideatly the rejects of blade- making. I had for three jtisrs 
been familiar with identical quartz shop-refuse. These articles 
were embedded in rather loose hetcrogeneouB gravels and though 
confined to a pretty uniform level below, restiog upon a bed of 
sand, they extended upward to the surface of the slope. They 
were distributed somewhat generally throughout the mass, although 
a slight appearance of clustering was at times noticeable. As we 
penetrated farther the fragments became less numerous and in- 
cluded fewer large pieces. Having advanced about twenty feet 
OD a line uearly parallel with the north bank of the roadway the 
formations began to change their appearance at the base and it 
soon became apparent that we had reached the limit of the het- 
erogeneous (juartz- bearing deposits, here some five feet deep, and 
were encountering homogeneous nndisturbed strata, the sepant- 
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tion being, however, quit« indefinite. There was a somewhat 
gradual change of color and compoaition; from dark heterogene- 
ous materials tlierc was a gradation through mottled, mixed 
materials to yellowish, homogeneous, gravelly sands. The sur- 
face or front of these sands, referred to usually as gravels, rose 
at a high angle, and at thirty feet advance in the trench the 
superficial quartz-containing deposit had, from five feet deep at 
the 22d foot, thinned out to eighteen inches. The section pre- 
sented in fig. 3. was drawn with great care and represents the 
general conditions with all necessary accuracy and without distor- 
tion of scale. 

The phenomena of the front surface of tlic normal gravels as 
exposed in tlie trench were very instructive. There had been- 
considerable disturbance by cracking and sinking, especially on. 
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the 8ide next the bank of the roadwa}-. lu this disturbed por- 
tion a few bits of quartz were found, and to the unskilled observer 
these might have been considered original inclusions in the gravel; 
but professor Winchell was present and gave his opiojon freely 
that they were there through disturbances indicated by the mixed 
coloration. A little further on, at about the 32d foot, we came 
upon the root of a tree, the tap root of an oak, still preserved up- 
to the dark soil of the surface, here some twelve inches thick, and 
extending down through the strata below the water level, an ob- 
served depth of six or seven feet. Having partly rotted, the root 
was surrounded by blackish earth. Further on a similar root was 
encountered which had penetrated to like depth, but which was- 
almost totally deca^-ed. The space was filled with blackish sandy 
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Fio. 8. Detailed section of talun and normal graveln, 8howini^di8tnrbance8 by crambUng 
and eliding, and by growth and decay of oak rootH. 

loam containing to some depth bits of gravel descended from the 
surface beds of heterogeneous materials. 

In the normal deposits beyond these roots there was no trace of 
disturbance or of abnormal discoloration; neither was there a trace 
of flaked quartz, although hours of patient search were expended 
upon the full exposure of the undisturbed deposits extending to a 
foot or more below the water level. 

As indicated in the accompanying sections, a layer of bowlder- 
bearing gravel several inches thick, occurs at about five feet be- 
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low the terrace surface. On the terrace slope at this level the 
surface loam, containing flaked quartz, was only a few inches 
thick ; this condition is accounted for by the fact that the bowlder 
gravel, being firmer than the sands above and below, resists ero- 
sion and tends to form an outcrop, the loose materials from above 
•descending to lower levels. Upon the layer of gravel rests about 
five feet of light brownish sand or sandy loam, somewhat darker 
near the surface from the decay of vegetable matter. A line of 
pits was carried across the level terrace, in continuation of the 
trench, to test the nature and contents of this deposit. In every 
pit, for more than one hundred feet from the margin of the ter- 
race, shaped quartzes were found, and strangely enough, they 
appeared to be somewhat uniformly distributed through the loam 
to the depth of from two to three and a half feet. This was a 
repetition of the interesting phenomena observed by professor 
Winchell one-half a mile below; but before taking up this division 
of the subject I shall look more fully into the main source of 
controversy, the Babbitt finds. 

The results of my own observations of the phenomena of 
this site are clearly presented in the accompanying sections, 
figs. 2 and 3. The glacial formations concerned consist of three 
members, first, beginning^at the top, about five feet of sandy loam ; 
second, a layer from six to twelve inches thick, of bowlder-bear- 
ing gravel, and third, a deposit of rather homogeneous sand with 
some fine gravel, extending down to two or three feet below 
water level, an exposed thickness of about eight feet. The face 
of these deposits is rather steep and is hidden by accumu- 
lations formed of materials weathered from the projecting edges 
of the strata. The talus deposits are only a few inches thick on 
the upper part of the slope but reach about five feet in thickness 
toward the base, as already shown, the terrace slope just here 
having an angle of from fifteen to twenty degrees. The whole of 
this talus deposit, from top to bottom, is filled with the refuse 
of quartz-arrow making, the heavier deposits of fragments occur- 
ring near the base, as shown in fig. 2. 

The geologic, topographic and ethnic stor}' of this site, read 
in the simplest manner from carefully observed data is about as 
follows: The formations constituting the river terrace, as indi- 
cated above, were, at the close of the glacial epoch, in the main 
continuous across the valley. The post-glacial river cut its 
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channel down through these deposits, reaching finally its present 
bed in the Huronian slates upon which the gravels were laid 
down. When the river flowed actively along the east side of the 
channel, washing the base of this bluff, the latter was no doubt 
much steeper than now and had a hight of about twenty-five 
feet. The horizontal glacial deposits were exposed to their full 
thickness, and in all probability, relying upon observations made 
in the vicinity, the underlying quartz-bearing slates at the base 
were uncovered to the depth of from five to ten feet. When 
the river ceased to erode actively at this point, the loosely bedded 
gravels and sands forming the upper part of the bluff dis- 
integrated and descended to the base, covering the slates and 
the exposed edges of the formations and gradually producing 
the practically stable slope seen to-day. 

The primitive inhabitants of the valley sought quartz where - 
ever the veins were conveniently exposed. Finding at this point 
a natural descent to the river by a gully, now the old roadway, 
they were able to reach the exposures of quartz, and naturally 
established their shops on the nearest available spots. It is prob- 
able that the wide flood plain now under water was in those 
earlier days swept by strong freshet currents exposing the quartz- 
bearing formations over large areas, thus furnishing unusual op- 
portunities to the quartz-working natives. These are precisely 
the conditions that prevailed in the river channel in fix>nt of the 
old village site at the dam, as shown by a photograph of the 
place made before the dam was built. Even if exposures of quartz 
were not found at the lower end of the ** notch *' they certainlj- 
did occur in the river banks a few hundred feet away, since at 
the present time, with a rise of ten feet in the water level, the 
quartz-bearing rocks are still exposed in the opposite bank of the 
river. Professor Winchell is of the opinion that in early times 
this spot was probably the only convenient or available landing 
place neai* the head of the rapids, since the banks elsewhere were 
either steep or swampy; and it is not improbable that quartz, 
obtained about the head of the rapids or even at the mouth of Elk 
river above, where veins occur, was brought to this spot in canoes 
and broken up and trimmed prior to further transportation. That 
the source of the quartz, or part of it, was really near at hand is at- 
tested by the presence of masses and fragments of considerable size 
on this site, and it seems highly probable that when these work- 
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shops were occupied by the arrow-makers the quartz- veins were ex- 
posed somewhere within easy reach of the base of the * 'notch" and 
possibly within a few steps of the heavier accumulations of shop 
refuse; but whether this be the case or not, the mystery of the 
origin of the quartz, dwelt upon b}' the original explorer, entirely 
disappears. 

I may mention that there is a verj' common misunderstanding 
in regard to the accumulation of this class of shop refuse. Be- 
cause it is plentiful and scattered over a considerable area, a long 
period and vast numbers of people are predicated, but so far as 
this site is concerned — and I speak from careful observation — 
one old arrow-maker, with a couple of squaws to gather the quartz, 
would in a few weeks produce as much refuse of manufacture as 
has ever been seen upon this site. 

Approaching this subject, this particular group of phenomena, 
from my own standpoint — that acquired by a study of quarry- 
shop work and of the general conditions of modern aboriginal 
life — no other theory than that outlined above seems called for, 
and no other known theor}' will satisfactorily explain the facts as 
brought out by the study of the site; but there are those who may 
wish to understand how Miss Babbitt, who examined the spot with 
much particularity and dwelt at great length upon the phenomena, 
was able to reach such opposite and remarkable conclusions. 

In order that the matter may be more readily examined by 
students I beg leave to present brief extracts from her writings, in 
which are embodied most of the essential points of her observa- 
tions and interpretations. Having carefully described the site 
and the occurrence of quartz fragments and artificial forms, she 
states her objections to a recent and neolithic origin for the quartzes, 
arguing that the phenomena could only be reasonably accounted 
for by assuming that the quartz was flaked and distributed during 
the accumulation of the gravels and before the pre-glacial, out- 
<jropping veins were buried by the rapidly accumulating deposits; 
and inferring that the artificial forms, being exclusively rude are, 
without doubt, paleolithic. Having formulated these views it 
remained only to assume that the river in cutting its post-glacial 
channel had exposed and disturbed the artificial deposits, leaving 
them as found to-day. The following arguments are given in sup- 
port of the positions taken : 

'^Thespot appeared to be peculiarly unfitted by nature for a base 
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of quartz-working operations. It was unintelligible, for example, 
wh}' an important industry of this sort should have been estab- 
lished at so great a distance from quartz bowlders and quartz- 
bearing rock, especially as convenient plains occur about the 
nearest exposures of this mineral. Again, why should such a 
manufactory have been set up upon a steep hill-side with its ap- 
proaches of such a character that all the material to be handled, 
as also the implements fashioned, would have to be transported 
to and fro, up and down a considerable acclivitj^? Above all, why 
should this workshop have been relegated to the bottom of a 
natural drain, the solid contents of which were necessarily over- 
whelmed, or swept away bodily, at every considerable rainfall and 
thaw of the year? As an illustration of the superficial disturbance 
to which the place was subject, I may mention that at the close of 
a long, but by no means exceptionally protracted rain-storm, I 
once collected from the notch, by actual count, about one thousand 
quartzes, all newly plowed out of the soil at that one time. Of 
this I was certain, as I had previously cleared the ground of everj' 
quartz piece of any size from view. 

<*A final fact, wholly irreconcilable with the hypothesis of 
neolithic origin, was the absence of quartzes from the surfaces at 
the superior edges of the notch, and along the terrace-plain ad- 
joining. It was not for a moment to be believed that such re- 
mains would have been thus distributed by aboriginal artificers. 
It was simply impossible that the quartz- workers should have lim- 
ited their manipulations to a strip of sand six or eight feet wide 
and thirty to forty long, less or more, heaping upon this narrow 
defile thousands upon thousands of fragments, yet leaving abso- 
lutely no small splinters nor chips beyond, neither up the slopes 
of the notch nor elsewhere in the vicinity. ♦ ♦ ♦ 

*< Prolonged investigation ensued, establishing the hitherto un- 
suspected fact that the notch quartzes could never have been di- 
rectly involved in the terrace surfaces. Had they once been thus 
inhumed, the superficial stratum of adjacent drift would assuredl}- 
have been found to contain a greater or less poporrtion of similar 
fragments, scattered throughout its substance. But this was not 
the case. On the contrary, no buried quartzes whatever appeared 
in the superior exposures of the notch; nor within the horizontal 
surfaces at cither hand, though such were sought with careful 
scrutiny. * * # 
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< *The absence of chips above a plane a foot or two superior to 
that of their bed at the bottom of the notch was, of course, a 
marked circumstance, since they should have occurred plentifully 
in the superficial stratum, had the notch chips been, as assumed, 
of the same .age with professor Winchell's find."* 

In the light of what I have already said and expressed in the 
section given, figs. 2 and 3, it would seem unnecessary to comment 
upon these extracts as the misapprehensions embodied in them 
must at once be apparent to the discriminating student; but a few 
points may be briefly referred to. The statements in the first par- 
agraph quoted, that the site must have been distant from the 
source of supply of the raw material and that it was, on account 
of its topography, wholly unfitted for shop work are, as I have 
shown, entirely invalid. In speaking of the agencies that wash 
out and transport the quartzes the author reveals accidentally 
one reason for their occurrence in a bed at the mouth of the 
''notch," for it was through this washing out and through the 
action of gravitation that portions at least of the products of the 
scattered shops on the slopes and terrace margin above were 
carried down to this spot. At the same time this was probably'' 
the natural location for the main shop, the spot where all masses of 
lai^e size would be broken up and assorted, since it may have 
been the only approximately level ground about the landing at 
the base of the terrace. The argument against a modern origia 
for the quartzes based on peculiarities of distribution, falls through 
when the true conditions are known, these conditions being ex- 
actly such as would result from recent occupation of the river 
landing by our Indian tribes. 

In the second, third, and fourth paragraphs it is emphatically 
denied, as an essential feature of her case, that flaked quartzes 
occur at any point above a horizon some twelve or fifteen feet 
lower than the main terrace level. This, as my careful dissec- 
tions show, figs. 2 and 3, is entirely wrong. The deposit seen at 
this level was not interbedded with the gravels and was not a 
stratum. Apparently Miss Babbitt did not see the gravels in 
place and probably did not approach them within a distance of 
many feet of the level indicated. I have shown that the quartzes 
were not confined to a given level, but occur at all levels, not 
onl}' on the surface but apparently in nearly every square 3'ard 

♦Babbitt, Franc E. American Naturalist, Vol. xviii, pp. 599-001. 
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of the surface loam within a radius of one hundred and fifty feet 
from the supposed bed of paleoliths. It is] not necessary to 
dwell further upon these extracts or to i*eview other parts of her 
work, for, notwithstanding Miss Babbitt's evident sincerity and 
prolonged and praiseworthy attempts to reach the truth, it should 
be plainly stated that had she deliberately planned to misunder- 
stand and misinterpret the more important phenomena of the site 
she could hardly have been more ^successful in accomplishing 
these ends. 

It is clear that the section exposed by mj' trench discloses ex- 
actly the conditions and piienomena that would result from the 
occupation of the site by quartz- workers of our neolithic aborig- 
ines at any period subsequent to the exposures of the Huronian 
bed rock by the post-glacial river, and there is nothing in the 
conditions and phenomena of the site that will enable us to say 
whether the beginning of the (quartz- working dates back one hun- 
dred or one thousand years. Considering all features of the evi- 
dence, however, geologic, topographic, archeologic and historic, 
the probabilities are verj' strong that the former figure is more 
nearl}'' correct than the latter. 

Having shown that there is no evidence of the presence of man 
in this locality during the earlier stages of the gravel-forming 
epoch, the proposition affirmed by Miss Babbitt, I desire now to 
examine briefly the evidence relating to his presence during the 
final stages of that era, as outlined by professor Winchell. It 
has already been stated that the early observations of the occur- 
rence of worked quartzes in the superficial glacial deposits are in 
every respect correct, and identical observations were made by 
me on the Babbit site in carrying the trench up over the level 
surface of the terrace. At all points within a radius of about one 
hundred and fifty feet from the Babbitt deposit the quartz frag- 
ments were distributed through the loam to the depth of from 
three to four feet. The same conditions were observed at other 
points, and I was at first entirely at a loss to account for the 
phenomena save on the theory, suggested by professor Winchell, 
that man lived upon the flood plain of the Father of Waters, at 
this point during later glacial times, shaping there his rude im- 
plements of quartz. But as my observations were continued and 
carried over a wider field I encountered facts that did not readily 
accommodate themselves to this theory, suggesting the need of 
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other explanations. Some of these puzzling facts may be 
enumerated. 

In the first place, it seemed strange that the quartzes found in 
the loam should be confined exclusively to sites occupied or nat- 
urally resorted to by modern tribes who, as I have shown, left 
refuse identical in character and material with that found in the 
loam. In the second place, these quartzes were not in beds or 
layers at definite depths beneath the surface, as if made and used 
on the site at intervals in glacial inundation, or as if distributed 
from sites of manufacture by water during the formation of the 
deposits. It seemed a most significant fact that they were, in all 
observed cases, distributed somewhat uniformly through the 
stratum of sand extending from the surface downward, as if let 
into the deposit from above by some disturbing agency. In the 
third place, as professor Winchell has observed,* there were, so 
far as can be determined, no exposures of quartz- veins from which 
the raw material could be obtained at the period of gravel depo- 
sition involved ; and, in the fourth place, professor Winchell had, 
at another point, secured neolithic implements from this same 
deposit, t So strongly were these suggestive observations im- 
pressed upon my mind that I felt impelled to begin the search 
for more definite evidence, and especially for evidence of agencies 
that could have served to introduce articles of modern make from 
the surface. Fortunately it was not necessary to go far. In 
digging the trench on the Babbitt site it was observed, as shown 
in fig. 3, that the rotting of the roots of large trees would per- 
mit the lowering of surface objects into the superficial deposits, 
and that as a result general distribution would in time result; but 
this did not seem to be a sufiSciently potent agent. It was also 
apparent that distribution, such as that observed, would result 
from disturbances of the soil by burrowing animals, like the 
gopher, badger and prairie dog, by the wallowing of buffalo, by 
the cutting of paths by elk, and b}' excavations made by men, 
but these were not entirely satisfactory agencies, as they were 
not within the range of present observation. I passed up and 
down the margin of the terrace, examining each exposure of the 
strata and every contour of the bluflT. I soon found that the 
winds had played with these surface sands and that dunes had 

♦Winchell, N. H., 6th An. Rept. (Teol. Survey of Minn., p. 57. 
flbid. p. 60. 
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accumulated in places to the depth of from three to five feet, giv- 
ing rise to obscure elevations along the edge of the terrace ; and 
it appeared that any part of the loam could thus have been 
worked over within recent times, distributing the bits of quartz 
from surface shops throughout the mass. Any one of these ob- 
servations would have been sufficient to enable me seriously to 
call in question the conclusion that the quartzes were originally 
included in the loam, but I sought an agency entirely competent 
and satisfactory. 

Passing through the western part of the village I came upon a 
large area recently cleared of its growth of young forest trees. 
The surface was varied by countless humps and hollows, and 1 
found, by careful inspection, that it was the site of an ancient 
forest which had been uprooted by a tornado. A few of the great 
root masses were still preserved, and in some cases where the 
wood had entirely disappeared the mounds of earth were still 
three feet high and the associated pits or hollows were nearly that 
deep. The humps and pits were so numerous as to disturb nearly 
one-half of the original level surface of the ground, and the dis- 
turbance must have extended in many cases to a depth of from 
four to six feet. Here, evidently, was the distributing agency 
sought, and one entirely competent to accomplish all that had been 
observed of distribution. Not only was this much obvious, but it 
appeared, further, that a factory site upon which relics were dis- 
tributed, disturbed by such an uprooting of forest trees, could 
not do otherwise than present exactly the conditions observed in 
the loams of the terrace plain. Indeed, it may be said that, in a 
locality where forests grow on and in deposits so unstable as are 
these Little Falls loams, it is impossible that surface accumula- 
tions of articles of stone should remain for a long period entirely 
upon the surface; and the explanation thus furnished of the dis- 
tribution of the worked quartzes of this locality through the 
glacial deposits, to the depth of four feet or more, is so satisfac- 
tory that no other theories are called for and little further discus- 
sion seems necessary. 

The processes of distribution of surface articles throughout the 
superficial loams by this agency ma}*^ be illustrated by a series of 
sections. The section presented in fig. 4 exhibits the conditions 
of a cluster of shop sites such as had accumulated on the prairie 
margin when the manufacture of quartz implements was going 
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OD. Tliere maj', or maj' not, have been a forest at the time wiUi- 
out atTe(!tiDg the final reeult, although a longer period must be 
allowed if the forests had to grow after the site was deserted by 




the arrow-makers. The immediate result of the uprooting of a 
forest upon such a site is depicted in fig. 5. Portions of the 
quartzes would descend into the pits and portjons would be car- 




Fio. 6. Tlie effect ot uprootliis of trees on Burtaco relics, 
lied up with the roots. When the wood rotted away the 
quartzes would be distributed over the mounds and in the hollows 
somewhat as shown in fig. li, and by the time the elevated por- 




Fra. e. Distiibotion ot quartzes over humps and in hollows alt«r the ratting ol 
(ipTooled trees. 

tions of the soil had again settled into the general level of the 
prairie the conditions would be pretty much as indicated io fig. 
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7. This result is really most remarkable, 3'et, as I have shown, 
inevitable — time being allowed — under the conditions existing at 
Little Falls. It is seen that in the period occupied by the up- 
rooting and decay of a forest and the settling of the loose earth 
back to its original level, the modem quaiTy-shop site with its 




Fio. 7. Distribution of quartzes resuiting from forest uprooting, exemplified in 
the surface deposits of Little Falls. 

bed of fragments, flakes and failures may be so changed in char- 
acter as to afford striking proof of a paleolithic man of glacial 
age. • The record may be so altered in the period of a generation 
as to be read ten thousand years instead of fifty. Such is the 
magic of nature's transformations and such are the pitfalls set 
for unwary explorers. It is true that since the occupation of 
this site by the quartz flakers, many forests may have fallen, but 
proof of this must necessarily be hard to secure, and if secured 
must still fall short of cp.rrying the history of man back to glacial 
times. 

In support of the theory that man dwelt in the valley of the 
Mississippi some ten thousand years ago it is pointed out that 
artificial quartzes are distributed through portions of the super- 
ficial glacial deposits. I have shown that there are many ways 
in which this distribution could have taken place under modern 
conditions and through causes operating within the century. 
It may be objected that I have really proved nothing with respect 
to the recent introduction of the quartzes into the loams of this 
particular site, but I would observe that this is not essential. I 
have shown that the presence of worked quartzes in the unstrati- 
fied, superficial loams furnishes no real support for the theory of 
a glacial man. 

In the stud}' of this site, three problems have come up for 
consideration, first, is there evidence of human occupation of this 
locality early in the gravel-forming era as deduced by Miss Bab- 
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bitt from the discovery of worked quartzes along the base of the 
terrace? second, is there evidence of man's presence at the close 
of the glacial epoch, as indicated by the occurrence of art forms dis- 
tributed through the surface loams? and third, is there evidence 
that the art or any part of the art attributed to either of these 
horizons is paleolithic? All of these questions may be answered 
emphatically in the negative. It is clear from the facts pre- 
sented in the preceding pages, that had a thoroughly careful and 
well directed study of the phenomena of the site been made in the 
first place, the first and last of these questions need never have 

arisen. 

The mistakes made by Miss Babbitt are precisely such as others 

have made through taking up investigations in the geologic depart- 
ment of archeolog}' without adequate knowledge either of the pro- 
cesses and phenomena of geology or of the arts and habits of our 
aboriginal peoples. It is manifestly easier to explain the puzzling 
phenomena of prehistoric archeology in America by current theo- 
ries borrowed from foreign sources, than to attribute them to. con- 
ditions and causes of which no knowledge has been acquired. 
Like mistakes are made to some ext^ent by all students and at all 
stages of progress in research, and it must be regarded as a dut}' 
rather than as a charity to pass lightly over all such shortcomings 
in the work of genuine investigators; at the same time our high- 
est duty is to science, and vital errors, no matter what their origin, 
should be tinhesitatingly pointed out, and expunged from the rec- 
ords. 

In closing, it may be stated with entire confidence that there is 

no available evidence of either a paleolithic man or glacial man 
in any part of the upper Mississippi valley. So far as my own 
observations and interpretations go, the vestiges of early man in 
Minnesota are confined exclusively to ordinary traces of Indian 
occupation. Considering the facts observed at Little Falls, and 
all the known ethnic phenomena of the region, this conclusion is 
so simple and natural that it ought to stand unquestioned until 
positive proofs to the contrary, proofs not yet foreshadowed, are 
brought forward and subjected to the tests of science. 
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[Continued from Page 179,] 

PLEISTOCENE PAPERS READ AT THE OTTAWA 

MEETING OF THE GEOLOGICAL SOCIETY 

OF AMERICA. 

Eskers near Rochester^ N. Y, By Warren Upham. A very 
remarkable esker, called the Pinnacle hills, extending about four 
miles in a west-southwest course on the southeastern border of 
the city of Rochester, and another esker series several miles 
farther southeast in Pittsford, were described in this paper and 
attributed to deposition by streams flowing down from the melt- 
ing surface of the ice-sheet during its departure, their channels 
having been enclosed on each side by ice and open above to the 
sky. The material of these eskers, which was shown to have 
been englacial, is chiefly gravel and sand, but also comprises in 
some parts of the Pinnacle hills very abundant and large boulders, 
up to ten feet in diameter, some of which are lifted 200 feet or 
more above their sources within a few miles on a nearly plain 
country. The near origin of the Niagara limestone boulders in 
these hills was noticed in their earliest description, which, with 
the figure of a section, was published by Prof. James Hall fifty 
years ago. Probably no other locality has aflTorded so definite 
proof of transportation of drift into tlu^ lower part of the ice- 
sheet by currents having a considerable upward movement from 
a flat tract; but the angle of ascent may have been no more than 
one degree, or 92 feet per mile. An article by Mr. Charles R. 
Dryer, on the glacial geology of this region, with a map showing 
th^se eskers, is in the American Geologist, for April, 1890. 

President Gilbert and Secretary Fai-rchild spoke briefly, in 
discussion of this paper, concerning their observations of the 
peculiar structural features of the Pinnacle hills, for which no 
detailed explanation had been previously attempted. 

Comparison of Pleistocene and Present Ice-sheets. By Warren 
Upham. The Pleistocene ice-sheets of North America and Europe 
were compared with the now existing Malaspina, Greenland, and 
Antarctic ice-sheets, as to their areas, surface slopes and probable 
thickness, rates of erosion and ablation, sub-glacial and englacial 
drift, and manner of deposition of the various drift formations. 
The Malaspina glacier or ice-sheet, covered on its wasting borders 
by much drift and growing forests, is believed to aflTord explana- 
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tions of forest beds between deposits of till, and of the peculiar 
drift accumulations named drumlins (as shown in the American 
Geologist for December, 1892), both being attributable to stages 
in the general recession of the North American ice-sheet when 
increased snowfall and onflow of the ice slackened its retreat or 
caused it temporarily to re-advance. . Under this view, the Ice 
age seems probably to have comprised only one great epoch of 
glaciation, with moderate oscillations of the ice-front, and to 
have been geologically brief. The length of the Post-glacial 
epoch, according to N. H. Winchell, Gilbert, Andrews, Wright, 
Prestwich, Mackintosh, and others, has been only about 6,000 to 
10,000 years. In Europe Prof. James Geikie has shown that 
men had reached the neolithic stage of their development before 
the ice-sheet of Denmark and Scandinavia had vanished; and 
similarly in California neolithic implements, probably contempo- 
raneous with the Ice age, are found in gravels under the lava of 
Table mountain. Other discoveries of stone implements, mostly 
of palseolithic types, and of the flakes formed in their manufact- 
ure, have been made by Dr. Abbott and Profs. Putnam and 
Shaler in the late glacial gravels of Trenton, N. J., by Mills and 
Metz in Ohio, by Miss Babbitt in Minnesota, by Tyrrell in a 
beach of the glacial lake Agassiz in Manitoba, and by McGee in 
the sediment of the last great flood of the Pleistocene lake 
Lahontan. Great elevation of the glaciated countries is believed 
by the author to have been the chief cause of the Ice age, and 
the pre-glacial uplifting probably occupied a longer time than the 
glaciation ; but both may be well referred, as by Hilgard and 
Spencer, to the Quaternary era, which also, according to Dana and 
Sir Archibald Geikie, should be considered as extending to the 
present time. With this definition, the (Quaternary era may com- 
prise about 100,000 years. 

Mr. McGek, in discussion, doubted the reference of the ice 
accumulation to high altitude of the land, and spoke of re- 
cent studies by Mr. W. H. Holmes at Trenton, N. J., who 
supposes all the evidences of man's presence there to be post- 
glacial. 

Dr. A. R. C. Selwvn thought that the Pleistocene and present 

ce-sheets are most readily explained by changes in the coarse 

and volume of marine currents, and that glacialists should take 

into account various concurrent causes for the glacial climate 
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and diverse processes in different regions for the formation of the 
glacial and modified drift deposits. 

Prof. Wright remarked that Dr. Abbott in examining exten- 
sive railway excavations of the Trenton gravel had far more 
opportunity for the discovery of implements than Mr. Holmes in 
his recent observations, and that Prof. Putnam in several days' 
search found five stone implements there in the undisturbed 
glacial gravel. The implements found in Ohio by Mr. Mills and 
Dr. Metz are also entirely conclusive testimony of the presence 
of men contemporaneous with the departure of the ice-sheet. 
Any artificial fiakes of stone, and '*quarry rejects" or failures, 
are quite as good proofs of man's presence as finished imple- 
ments. 

Prof. Salisbury would restrict the term englacial drift to the 
material borne along in the central and upper portions of the ice- 
sheet, which was scanty and of distant origin, while the basal 
portion of the ice contained much drift from near sources. He 
concurred with Mr. McGee in doubting the testimony which ha» 
been supposed to establish the existence of man on this continent 
during the Glacial period. 

The post-glacial outlet of the Great Lakes through Lake Nipis- 
sing and the Mattawan River. By G. Frederick Wright. 
Following the suggestion of Mr. Gilbert in his paper on the * <His- 
tory of the Niagara River," that the northeastward depression of 
the northeastern United States and the eastern provinces of 
Canada at the close of the Glacial period probably caused an out- 
flow from lake Huron for some time by way of lake Nipissing 
and the Mattawan into the Ottawa river, Prof. Wright had dur- 
ing the past summer examined the course of the supposed outflow 
and found good evidence that it was a fact. Trout lake, at the 
head of the Mattawan river, is only three miles from lake Nipis- 
sing and is 20 feet higher; and the swamp on the divide between 
them is 20 feet, or less, above Trout lake, or about 100 feet 
above lake Huron and Georgian bay. On the north side of this 
swamp, a beach line or terrace was traced all the way from lake 
Nipissing to Trout lake, and is regarded as the level of the former 
outflow. The Mattawan in its length of about 30 miles descends 
some 200 feet, and on the south side of its mouth a terrace 80 
feet above its junction with the Ottawa bears a surprising pro- 
fusion of boulders of all sizes up to 20 and even 80 feet in 
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diameter. These boulders the author thought to have been swept 
down the Mattawan valley by a powerful river outflowing from 
lake Huron, as the debacle of discharge from lake Bonneville 
brought a similar multitude of boulders to Pocatello, where it 
entered the broad Snake river valley. 

In discussion, President Gilbert, stated that he had examined 
this divide and the course of the Mattawan to lake Talon, finding 
the avenue of drainage to consist largely of boulders, with scarcely 
anv till or stratified beds. 

Dr. Bell thought that all the reported observations fall far 
short of proving an outlet from Lake Huron to the Ottawa. The 
tract of so plentiful boulders at the mouth of the Mattawan he 
considered as part of a morainic belt. 

On certain features in the distribution of the Columbia formation 
on the middle Atlantic slope. By N. H. Darton. This paper, 
read in the absence of the author by Mr. McGee, directed atten- 
tion to evidences of an interval of erosion between the two divis- 
ions of the Columbia formation in Mar3iand and northward to 
New Jersey. The lower division comprises beds of loam and fine 
and coarse gravel, all of which enclose occasional ice-borne boul- 
ders; and the upper division, more rarel}' containing boulders, con- 
sists chiefly of loam or clay, resembling loess, to which the name 
Philadelphia brick claj' was given by Lewis. Both parts are re- 
ferred to estuarine deposition, and the interval of emergence and 
erosion dividing them is thought to correspond to the inter-glacial 
epoch and forest bed of Iowa between deposits of till, which ap- 
pear correllative with these lower and upper parts of the Colum- 
bia formation. 

Mr. Upham, in discussion, thought the Columbia gravel and 
loam to be not marine or estuarine sediments, but the deposits of 
river floods bearing ice-rafts wheft the land in the early part of the 
Glacial period was higher than now, with much greater supply of 
detritus and of water from rains and snow melting each spring 
and summer. 

Nifte on the geology of Middleton Island^ Alaska. By Georoe 
M. Dawson. (The author being absent, this paper was read by 
Mr. 11. VV. Ells.) On Middleton Island, situated near the verge 
of the submarine continental plateau, about 50 miles'distant from 
the coast, typical till is found, enclosing abundant argillite frag- 
ments and broken marine shells. A microscopic examination also 
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reveals sponge spicules and several species of foraminifera. This 
island is apparently a part of a moraine of the continental ice- 
sheet, the shells and foraminifera being brought from the sea 
bottom between it and the mainland. The intervening water is 
from 30 to 50 fathoms deep, but when the ice-sheet was being 
formed and plowed up its drift, the region was probably much up- 
lifted. Similar till containing shell fragments occurs also on the 
Queen Charlotte islands. 

Mr. C. W. Hayes, discussing this paper, mentioned his obser- 
vations of wave-cut terraces 30 feet above the sea on islands in 
Prince William sound, opposite to Middleton island, which show 
that for a long time following the glaciation of this part of Alaska, 
the land has stood so much below its present hight. This also 
agrees with the conclusions of Dr. W.H. Dall, that mainly the 
coasts of Alaska and of Bering strait are now slowly rising. 
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*The writer wishes to acknowledge his indebtedness to Prof. W. M. 
Davis, of Harvard college, for help and suggestions received during the 
preparation of this paper. 
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turbances as have characterized the region of the Appalachians on 
the east, or the Rocky mountains on the west All changes seemi 
to have been of the nature of continental elevation or subsidence, 
affecting wide areas. The principal effect of such movements- 
upon rivers flowing over approximately horizontil rocks would be 
to increase or diminish their power of erosion with their greater or 
less elevation above base -level. Their courses would not be 
altered. It is therefore not improbable that the courses of the- 
larger rivers and the general direction of the drainage of the area 
was determined at the time of the first elevation of the land above 
the sea at the close of Carboniferous time, and that this drainage 
has been maintained ever since. The drainage which was insti- 
tuted when the interior basin first became dr}' land will be consid- 
ered, and the courses that the streams then took determined, as 
far as possible. If the present courses of the streams correspond 
with these hypothetical original courses, the similarity may be ex- 
plained by considering the first streams to have preserved their 
first courses. They will then be original or consequent streams. 
If there is a lack of correspondence between the two, the cause 
and date of the change from the supposed original courses must 
be considered. 

During Paleozoic time the region of the Mississippi valley was 
occupied by a broad interior sea, bounded by land masses on the 
north and southeast. Sediments were brought down into this 
basin from either side. Sands and gravels were deposited near 
shore, finer muds at a distance, while the center of the basin was 
the scene of the accumulation of widespread limestone deposits. 
During Carboniferous time the sea shallowed, and its l)ottom over 
much of the area was near sea level. At times vast swampy for- 
ests grew over newl}^ emerged flats, onlj- to be buried beneath the 
mud and sand of a later subsidence. 

There was of course no drainage while the area was under water. 
The drainage of the swamps of the coal period must have been 
very sluggish and is so little known that it cannot be considered 
here.* But it is comparatively easy to picture the conditions 
which must have existed over most of the area after the Appal- 
achian disturbance. The Paleozoi'; rocks had been crumpled into 
mountain elevations along the Appalachian region. These folds 
died away to the west where the Carboniferous deposits formed a 

*See Missouri Geological Survey. Report on CJoal, 1891, pp. 24-5. 
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new and level plain sloping gradually away to the northwest. This 
«lope was probably greater than the slope of the beds as they were 
deposited, for the beds doubtless shared more or less in the eleva- 
tion which had taken place on their southeast margin. The drain- 
age of this elevated mountain region would extend itself across 
this plain to the northwest, the direction of flow being deter- 
mined by the slope of the surface. The crystallines of Canada 
and the Paleozoic sediments which had been forming in the sea 
south of them appear to have been elevated at about the same 
period, so that the whole of the eastern Mississippi basin became 
dry land. Whether the Canadian uplift was of continental extent 
and the present dip of the stratified rocks is merely the slope of 
the old Paleozoic sea bottom, or whether there was a differential 
uplift by which the northern portions were more elevated than the 
-southern, is not known. In either case there would be a south- 
ward slope from the crystallines over the newly emerged plain. 
The southward drainage from the Canadian highlands and the 
northwestward drainage from the Appalachian region would unite 
iind form a trunk stream flowing westward and occup3'ing the posi- 
tion of the present Ohio. The Archean area of Wisconsin, which 
-existed as an island in the old Paleozoic sea, formed a more or 
less elevated nucleus after emergence, with Paleozoic strata sloping 
Away from it in all directions; and the drainage of Wisconsin 
would consist of streams flowing out radially from its Archean 
■core. The outlet of all these streams, — of the trunk stream drain- 
ing the Canadian and Appallachian regions, of the westward flow- 
ing streams from the Archean area of Wisconsin and from the 
Archean area to the north in Minnesota and British America, — 
would be to the west, discharging into a Mesozoic sea, the limits 
«of which have not been determined. 

It is now necessary to compare this h3'pothetical post- Carbonif- 
erous drainage of the eastern Mississippi basin with the present 
•drainage. If the two are found to agree in whole or in part, that 
part of the present drainage which corresponds with the hypothet- 
ical post-Carboniferous drainage maj' be considered to have been 
•determined in its general direction at the time of the Appalachian 
oiplift Where lack of correspondence between the two exists, the 
•diflTerences will be examined in detail. 

Comparing the present with the supposed post-Carboniferous 
.system, the rivers south of the Ohio are seen to flow northwest in 
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both cases. North of the Ohio and south of the St. Lawrence 
basin the direction is south in both instances. In Wisconsin the 
drainage is radially out from the central Archean area. The pres- 
ent drainage of the eastern Mississippi basin is therefore in the 
main that which may be assumed as the original consequent drain- 
age of the region when the land was first elevated above the sea. 
In the absence of any evidence to the contrary, the most probable 
explanation of the coincidence is that the river courses in these 
parts of the Mississippi basin have remained in general unchanged 
since Permian time. They are here considered original or conse- 
(luent streams. 

2. Adjiutments of the post' Carboniferous drainage. There are 
however several important differences between the hypothetical 
post- Carboniferous drainage and the present drainage, in which 
the present streams cannot be explained as original streams. They 
are as follows : — (a) The St. Lawrence drainage, (b) The drain- 
age of the Silurian areas of Tennessee and of Ohio, i, e, of the 
Tennessee and Cincinnati anticlinals. (c) The course of the upper 
Mississippi, (d) The course of the lower Mississippi. These de- 
partures will now be considered. 

(a) The St. Lawrence drainage. The most marked departure 
from the presumed post-Carboniferous drainage, is the drainage 
of the St. Lawrence Basin. The earliest consequent drainage of 
this area must have been southward from the crystallines of Can- 
ada to the Ohio. But the great drainage lines of the St. Law- 
rence basin, which are occupied b}' the great lakes and the rivers- 
connecting them, are structural valleys developed along the strike 
of the softer membei*s of the Paleozoic formations and at right 
angles to the slope of the original surface. This structural con- 
trol of the drainage shows of itself that the present arrangement 
s not the consequent arrangement of the streams, but that it is 
an arrangement which was effected after the land had been long 
elevated above the sea. The streams had then had opportunity U> 
cut down into the underlying strata and had slowly adjusted them- 
selves to the differences in hardness and structure which they 
there discovered. 

The cause and date of this change from the early conseqaent 
to the later subsequent drainage in the St. Lawrence basin liave 
not been definitely determined. It is probable that the adjust- 
ment was effected during that long interval between Permian time 
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and the commencement of the Cretaceous cycle of which there is 
little record in the Mississippi basin. During this time the drain- 
age was changed from the first condition in which the streams 
flowed down the slope and across the strike of the beds, to a con- 
dition where they followed the softer members of the Paleozoic 
rocks. 

It is probable that the change in outlet from the Ohio to the 
St. Lawrence was effected at a later date and was one of the re- 
sults of the elevation and tilting of the Cretaceous base-level, which 
will be considered later. After the general surface of eastern 
America had been reduced to a lowland under the action of long- 
continued erosion, a slight tilting of this lowland would be suffi- 
cient to divert a part of the Mississippi drainage northward 
through the lower St. Lawrence. If lake Michigan and lake Erie 
drained southward into the Ohio previous to the glacial period, 
the final completion of the present St. Lawrence drainage was not 
effected until the close of the ice invasion. 

(b) The drainage of the Cincinnati and Tennessee anticlinah. 
In the discussion of the post- Carboniferous drainage two similar 
important structural features of the Mississippi basin were left 
out of consideration. These were the Cincinnati and Tennessee 
anticlinals, as they have been called. If these two regions were 
to have a surface form like that indicated by the geological struct- 
ure, there would be a broad low dome over central Tennessee and 
a similar but much larger elevation over parts of Kentucky, Ohio 
and Indiana. If such elevations did exist they are ignored by 
the present Ohio and Cumberland rivers which cut directly across 
them. 

The most probable explanation of this apparent peculiarity is 
that the anticlinals never existed as surface elevations at any 
time subsequent to the Appalachian elevation. Some consider- 
able part of the arching of the strata took place during Paleozoic 
time, previous to the Appalachian uplift. The direction of the 
axis of disturbance is not parallel to the Appalachian axis of 
disturbance, but is more nearly north and south, suggesting an 
independent disturbance. There are evidences that during Pale- 
ozoic time shallow water or land conditions prevailed along the 
axis of uplift in Tennessee, Kentucky and Ohio. Ripple marks 
occur in the Devonian Black Shale in Ohio. Going south from 
lake Erie to Tennessee the Devonian and Upper Silurian succes- 
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lively become thinner and finally disappear, indicating that a land 
area existed in Tennessee and Kentucky in middle Paleozoic time 
which during a considerable period was gradually extending itself 
northward. The present anticlinal dip of the strata appears to 
be due to an elevation of middle Paleozoic date. Erosion in 
middle and late Paleozoic time was doubtless effective in remov- 
ing a large part of the original constructional inequality. If then 
this low land mass had been slightly submerged during Carbonif- 
erous time and covered with a thin veneer of Carboniferous rocks, 
and had then been elevated with the rest of the interior basin, 
the post-Carboniferous drainage would have followed the course 
of the present Ohio and Cumberland rivers, directly across the 
underlying structural anticlinal, and at a later date would have 
discovered the concealed diversity of rock structure. The course 
of the Ohio and Cumberland rivers would be consequent upon the 
slope of the newly emerged land surface. In that part of their 
courses lying across* the Cincinnati and Tennessee anticlinals, the 
rivers are superimposed on the underlying rocks from a cover of 
•(/arboniferous strata which have been completely removed. 

(c) The upper Mississippi, The course of the Mississippi along 
the western border of Wisconsin affords another example of de- 
parture from the supposed post- Carboniferous drainage. Instead 
of flowing down the dip of the rocks to the southwest it follows 
the strike to the southeast. The original drainage of the area 
must have been southwest into a Mesozoic interior sea, and this 
-drainage must have been maintained until the end of Cretaceous 
time ; for during the Cretacetjus period the interior sea reached 
almost as far east as the Mississippi. The elevation of the plains 
inaugurated a new condition of drainage. The elevation of the 
plains on the west and of the Appallachian region on the east 
which marked the close of the Cretaceous period, left a broad 
north and south depression which determined the course of the 
drainage of the northern part of the Mississippi !)asin, and the 
•upper Mississippi dates from that elevation. 

(d,) The Lower Mississippi. There is good reason to believe 
that the course of the main post-Carbon if eious drainage line of 
the interior was not, as it is now, south from the mouth of the 
Ohio, but rather west, through Missouri and Arkansas. The axis 
of the trough which was formed between the Canadian and 
Appalachian uplifts would lie to the southwest, through Missouri 



Mississippi Drainage System. — Westgate. 251 

and Arkansas, —a continuation of the line of the present Ohio, — 
and it would seem as if the post- Carboniferous drainage of the 
interior would have discharged along this line. 

Positive evidence for such a discharge is not wanting. Folded 
Paleozoic rocks occur in the Novaculite region of central western 
Arkansas* under conditions which prettj' definitely show them to 
be a continuation of the Appalachian folding to the east. Siluri- 
an and Carboniferous rocks are embraced in the folding and the 
structure is closely similar to that of the folded Paleozoic rocks of 
the Appalachian region. The folds are closel}' appressed on the 
south side and flattened on the north side of the area, showing a 
pressure acting from the south. The prevalence of shales on the 
north side and of sandstones on the south side of the region indi- 
cates a derivation of material from the south. In these last two 
respects the Arkansas region resembles the Appalachian. The 
general trend of the folding in the Novaculite area is toward the 
east, — toward the point where the Appalachian folds disappear be- k^^f <i «* 
ncath the gulf Cretaceous. These facts clearly indicate a west- 
ward continuation into Arkansas of the Appalachian folding and ^-la«^ / 
elevation. In post-Carboniferous time a mountain barrier in all 
probabilit}' extended from New York to Arkansas, precluding the 
possibility of a southward discharge of the interior drainage b}' its 
present outlet, and compelling its discharge to the west, through 
Missouri and Arkansas. This ma}' be tiiken as the probable direc- 
tion of the main drainage line of the interior basin in post-Carbon- 
iferous time. 

The change to the present southward drainage seems to have 
taken place at the end of the Cretaceous period. By that time '/C-^b 

the Appalachian mountains had been reduced nearly to base-level 
and probably existed as a low and nearl}' obliterated divide. 
When the elevation of the Cretaceous base-level occurred, the 
streams would have followed au}- troughs produced by the 
warping of the old lowland. The elevation of the Appalachians 
on the east and the plains on the west resulted in producing a 
broad north and south depression in the present Mississippi valley 
and in reversing the courses of those streams which had been flow- 
ing westward into the Mesozoic sea. But, perhaps, more impor- 
tant than the elevation of the plains in diverting the interior 

♦Geol. Survey of Ark., Ann. Rept., 18U0, vol. iii. Novaculltcs, by L. 
S. Griswold, pp. 212-214. 
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drainage southward was the actual depression of the Cretaceous 
base-level across the lower course of the present Mississippi river. 
Here the base level was depressed below sea level and the drainage 
of the interior found an etisy outlet to the south. Since that time 
the Mississippi has been gradually extending its mouth southward. 

II. TiiK Cretaceous Cycle. 

1. Thv Cnfarcotts Cyclr. The earliest topographic feature of 
eastern North America dates from the close of the Cretaceous.* 
It comprises the remnants of the plain to which long continued 
erosion of Mesozoic time had reduced the land surface. At the 
commencement of Tertiary time this lowland was raised and be- 
came an elevated upland plateau. 

Two difficulties are met in the attempt to trace this elevated 
Cretaceous base-level across the Mississippi basin. First, erosion 
appears to have obliterated almost all evidence of it on the soft 
paleozoic rocks of the interior, and it is only on the borders of 
the region, where the rocks are prevail! nglj' hard sandstones and 
cong.lomerates, that successful search for it may be expected. 
Second, over a large part of th(; Mississippi basin the topography 
of the underlying rock surface is concealed beneath a monotonous 
mantle of glacial drift. 

J, The Cretaceous Cijcle in Keutuvhy ami Ttnnessve. Remnants 
of the Cretaceous base-level occur in Tennessee and Kentucky. 
Among the mountiiins of North Carolina evidence of the elevated 
Cretaceous base-level is found by Willis, t The mountains rise a 
few thousand feet above the plateau and some of the valleys are 
cut several hundred feet below it, but to a person standing at the 
same elevation with the plateau, its plateau character can be dis- 
tinctly seen. The considerable elevation of the mountain sum- 
mits above the plateau in this district is due to the greater hard- 
ness of the rocks which did not permit their being reduced to 
base-level before the elevation which closed the Cretaceous Cycle^ 
Northwest of the Carolina mountains lies the broad valley of the 
East Tennessee river, which was excavated during Tertiary time. 
On its eastern border, the generally even crest-line of Pine mount- 
ain, with an average elevation of 2,000 feet probably marks the 

*See Bull. Geol. Soc. America, vol. 2, pp. 541-586. The Geological 
Dates of Origin of Certain Topoj2fraphic Forms on the Atlantic Slope 
of the United States, by AV. M. Davis. 

+Nntionnl CTeographic Magazine, vol. i, 1889, pp. 291-300. 
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outcrop of th(» Carboniferous conglomerate upon the old base- 
level. Beyond the vallej' of the East Tennessee rises the Cum- 
berland table-land, with an average elevation of 1,000 feet. The 
fact that its surface consists of the bevelled edges of strata of 
different hardness, shows that it is a plain of denudation. It is 
another remnant of the old base- level. It is a direct extension 
southward into Tennessee and Alabama of the plateau of western 
Pennsylvania, which has been identified by Davis as a part of 
the Cretaceous t>ase- level. The western edge of the Cumberland 
table-land is bounded by an abrupt descent to a second plateau, 
which has an average elevation of 900 feet, and which extends to 
the west, completely encircling the central lowland region of Ten- 
nessee, as far as to the Tennessee river and a short distance be- 
yond. This plain has been termed by Safford* **the highland 
rim of middle Tennessee.'' On the west this plateau runs be- 
neath Cretaceous beds. The relative straight line of contact 
between the Cretaceous rocks and the Paleozoic rocks which 
compose the highland rim, and the fact that west of the line of 
contact no Paleozoic rocks an* seen projecting through the Cre- 
taceous cover shows that the Cretaceous beds were deposited 
upon a comparatively level surface. This level surface appears 
to be a part of the Cretaceous base-level which has already l^een 
recognized in the Cumberland table-land and among the Carolina 
mountains. A gradual rise from the western to the eastern part 
of the old base-level would be expected. Such is not the case. 
The two parts are not continuous, but there is an abrupt cliff 
separating the Cumberland plateau from the highland rim, of 
which the western edge has been considered a part of the Cre- 
taceous base-level. The most probable explanation of the separa- 
tion of the two parts is that which attributes it to later erosion. 
The elevation of the Cretaceous base-level at the end of Creta- 
ceous time has permitted Tertiary erosion to cut out at a lower 
level a structural plain upon the hard siliceous sub- Carboniferous 
bed which forms the floor of the highland rim. The siliceous 
sub-C^irboniferous rocks were the surface rocks of the Cretaceous 
base-level in western Tennessee, hence the Cretaceous base-level and 
the structural plain are identical there, where the Paleozoic rocks rua 
beneath the Cretaceous. But in middle Tennessee the siliceous 



♦For a description of the physical features of Tennessee see Safford, 
Geology of Tennessee, pp. 21-125. 
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sub-Carbouiferous beds were far below the Cretaceous base-level 
and after elevation Tertiary erosion removed the overlying lime- 
stone and shales down to the level of the siliceous beds, beneath 
which it did not go. The result was the separation of the old 
base-level into two parts, one represented by the Cumberland 
tableland, the other by the part of the highland rim where it 
runs beneath the Cretaceous. 

S. The Cretaceous Cycle in Wisconsin. Throughout most of the 
area northwest of Tennessee and Kentuck3% the surface configur- 
ation of the older rocks is concealed beneath a heavv mantle of 
drift. But over a considerable area of Wisconsin and a small 
part of the neighboring states, no driftdepositsoccurand the rock 
topograph}' is visible. The general physical features of southern 
Wisconsin* embrace a widely opened lowland, trenched b\' water 
courses, and with remnants of a higher land mass rising above 
the general lowland and forming the inter-stream divides. The 
trenching of the general lowland, from analogy with similar work 
elsewhere, appears to be the work of Post-Tertiary erosion. The 
development of tlie general lowland took plnce during Tertiary 
time. The hills rising above the general lowland are the last 
remnants of the elevated land mass upon which erosion commenced 
at the beginning of Tertiary time. Whether the hight of these 
remnants represents the full altitude to which the land was ele- 
vated at the beginning of Tertiary time or whether erosion has 
everywhere reduced the country' to a greater or less amount below 
the uplifted Cretaceous base-level, has not been determined. In 
any event, these higher masses represent nearly destroyed rem- 
nants of the Cretaceous elevated base-level; and even these rem- 
nants are probably not the full measure of the altitude assumed 
b}' the old lowland after its elevation at the end of the Cretaceous 

period. 

Jf.. The Cretftrcous Cycle in Minnesota. The Cretaceous de- 
posits of the plains reach eastward as a continuous sheet, to about 
the western border of Minnesota.! But at numerous localities in 
Minnesota, some almost as far east as the Mississippi river, iso- 
lated patches of Cretaceous occur beneath the drift, resting upon 
the underlying rock surface. These deposits are found along 

*Sce U. S. Geol Siirvoy. Sixth Ainiual Report 1884 5. The Driftless 
Area of the Tpper Mississippi Valley— T. C. Chamberlain and R. I). 
Salisbury, pp. 221-231>. 

tGeol. of ^liiinesotn, Final Report, vol. i, pp. 431-439. 
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the stream lines, probably because the thick sheet of drift every- 
where conceals the underlying rocks, except along the rivers. 
The rocks upon which they rest are often seen to be an eroded 
land surface. These facts show that the surface of Minnesota 
was nearly base-leveled when the Cretaceous beds were deposited. 
The surface of southern Minnesota is mostly level prairie formed 
by the drift. The Minnesota river cuts a trench in this prairie * 
125 to 200 feet deep, and in doing so cuts in places through Cre- 
taceous beds and into the underlying rocks. The surface of the 
rocks upon which the Cretaceous beds lie must therefore be nearly 
level. It could not have been much more uneven at the time the 
Cretaceous beds were deposited upon it than it is at present, for 
any erosion which would have lowered the inequalities must have 
completely removed all the overlying softer Cretaceous deposits. 
Southern Minnesota therefore is considered to have been a nearly 
base-leveled country at the time that the Cretaceous deposits 
were laid down. The similarity between the present rock topog- 
raphy underlying the drift and the low relief of the land in 
Cretaceous time points to the conclusion that since Cretaceous 
time southern Minnesota has not been for any long period of time 
much elevated above base- level ; consequently post- Cretaceous 
erosion has not destroyed the Cretaceous base- level in the process 
of reducing the country a second time to base-level. 

J. The Cretaveons cycle in Arkansas. Evidence of the exten- 
sion of the Cretaceous base- level into Arkansas has been given 
by Griswold.* ^he higher ridges of the novaculite area west of 
Little Rock reach an average elevation of 2,500 feet, perhap* 
marking the altitude of the upland from which the present topog- 
raphy has been cut. "Still further south the ridge tops be- 
come broader and the valleys shallower. The appearance of an 
upland plain becomes more marked as the elevation decreases 
southward and less opportunity is given for deep stream erosion. 
The southward sloping plain of Paleozoic rocks sinks below Cre- 
taceous or Tertiary strata and none of these older rocks are seen 
again south of the contact line, projecting through the later sedi- 
ments. This gives evidence that the Paleozoic strata of this re- 
gion had been worn down to a pretty level surface before the Cre- 
taceous strata were deposited. Thus we have altogether good 

* Geol. Survey of Arkansas. Ann. Report, 1890, vol. in. Novaculites 
by L. 8. Griswold, pp. 220-222. 
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evidence of a former base-level plain which is naturally less dis- 
tinct toward the north where subsequent elevation and denuda- 
tion liave been greater." * 

6. Completion of the Cretaceous Cycle. The elevation which 
closed the Cretaceous cycle of development was of late Cretaceous 
or earh' Tertiary date. The occurrence of . Cretaceous rocks un- 
conformably lying upon the elevated base-level at many points 
proves that the elevation could not have taken place until the end 
of Cretaceous time. 

The date of the completion of the process of base-leveling was 
not the same in all places, but varied according to the hardness of 
the rocks. In New Jersey! the base-leveling of the Triassic area 
was completed before the deposition of the Cretaceous beds, t. c. 
by the end of Jurassic time. The Cretaceous beds here over-lie 
unconformably a plain formed of the beveled edges of inclined 
Triassic sandstones. The base-leveling of the harder cr3'stalline 
rocks of the Highlands was not completed until the end of Cre- 
taceous time, for the material composing the Cretaceous beds was 
largely derived from the highland crystallines. Over the interior 
basin the rocks are relativel}' soft and the Cretaceous base-level 
appears to have been essentially completed before the deposition 
of the Cretaceous beds. The elevation of the base level, however, 
did not take place until the Cretaceous rocks had been deposited. 

The extension of the Cretaceous base-level over the eastern 
Mississippi basin has now been considered and remnants of it have 
been found in widely separated parts of the basin. Probably be- 
fore the close of the Cretaceous period the whole of the eastern 
Mississippi was a lowland plain close to base-level, except in the 
southern Appalachian mountain region where the country may 
still have had considerable relief. The direction of the stream 
courses bv which this erosion was accomplished has alreadv been 
considered in discussing the post- Carboniferous drainage. 

III. The Tertiary Cvcle. 
2. The elevation of the Cretaceous base-level. At the close of 
the Cretaceous or commencement of the Tertiary there was a 
general elevation and warping of the Cretaceous base-level over 

* 1. c, p. 221. 

fBull Geol. Soc. America, Vol. 2. The Geological Dates of Origin of 
Certain Topographic Forms on the Atlantic Slope of the United States 
— by W. M. Davis, pp. 554-5. 
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the whole of eastern North AmericJi. The amount of elevation 
was not the same in different parts of the area. The plateau now 
stands at an elevation of 1,300 feet in western New England, 
1,600 feet in New York on the Hudson, and 2,500 feet in western 
Pennsylvania. These elevations represent in a general way the 
amount of Tertiary- elevation and warping; for deformations of 
post-Tertiary date are of relatively small amount. South westward 
along the Appalachians the altitude of the plateau falls until in 
Georgia and Alabama it dips beneath the gulf Cretaceous and be- 
neath the sea level as well; so that across the lower Mississippi 
there was no elevation, but an actual subsidence. In the upper 
Mississippi valley lack of recognizable remnants of the old plateau 
prevent an accurate determination of the elevation, but the amount 
was less toward the Mississippi and in Minnesota was probably of 
very little account. 

By the elevation and warping of the Cretaceous base-leVel im- 
portant changes were effected in the drainage of the eastern Mis- 
sissippi basin. The elevation of the plains turned the drainage of 
a large part of the interior toward the east. All the rivers which 
now cross the plains date only from the early Tertiar}-, for during 
Cretaceous time the present area of the plains was beneath sea 
level. The Missouri and its tributaries are Tertiary tivers. The 
elevation of the plains on the west and the Appalachian area on 
the east formed a broad north and south depression which deter- 
mined the course of the upper Mississippi; and, aided by the de- 
pression of the base-level across the present course of the lower 
Mississippi, turned the main drainage discharge of the interior 
southward b}' its present course to the gulf. The Mississippi, 
therefore, also dates only from the commencement of the Tertiar}'. 

These changes in drainage were caused by the warping which 
accompanied the elevation of the old lowland rather than by the 
elevation itself. Upon rivers flowing over approximately horizon- 
tal rocks such as eov^er most of the Mississippi basin, the only ef- 
fect of elevation alone would be to increase the erosive power of 
the streams; it would not alter their courses. A differential up- 
lift or warping is necessary to cause a change in the direction of 
drainage courses. 

With the elevation of the Cretaceous base-level the rivers began 
to cut down to a new base-level and entered upon a new cycle of 
development. This is the Tertiar}' cycle of development. With 
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the exception of the cases already instanced, the rivers seem to 
have held the courses which they had ha(i during Cretaceous time; 
at least there is no evidence of change from those courses. The 
movement of elevation embraced so wide an area that it did not 
affect the minor arrangement of the stream courses. The streams 
of the Cretaceous cycle were revived. Elevation gave them greater 
velocity and erosive power and they at once commenced to cut 
their channels to base-level and then to widen them out at that 
level. 

2. Tertiary work in Tennessee and Kentucky. The larger part 
of the topography of Tennessee and Kentucky was fashioned out 
from the Cretaceous base- level plateau during Tertiary time. 
The broad valley of the East Tennessee with an average elevation 
of 1,000 feet above sea level and cut a thousand or more feet be- 
low the surrounding plateau is a Tertiary valley. It is a direct 
southward continuation of the Kittatinny valley of New Jersey 
and Pennsylvania which is of Tertiary date. In western Tennes- 
t^ee the Tennessee river has excavated during Tertiar}'' time a 
broad deep valley similar to its valle}' in eastern Tennessee but 
not as deep, for the altitude of the plateau is not so great as in 
eastern Tennessee. 

A better illustration of the extent of Tertiary erosion is found 
in the central part of Tennessee. From the central lowland of 
Tennessee the strata dip away in all directions at low angles. If 
the strata which have been removed were to be restored the form 
of the surface would be a wide flat dome with its greatest eleva- 
tion over the center of the region. The capping of Carboniferous 
rocks over this region may originally have been of less thickness 
than over surrounding regions. Whether pre-Tertiary erosion 
sufficed to strip off this cover of Carboniferous and sub-Car- 
boniferous rocks and to expose the softer Silurian strata beneath 
is not known. In any event pre-Tertiary erosion must have con- 
siderably lessened its thickness and have made it easier for Ter- 
tiary erosion to complete its removal. The erosion of the present 
central lowland could not have been the work of Cretaceous time, 
for during Cretaceous time the base-level of the region was sev- 
eral hundred feet above the present surface. But after the ele- 
vation of the Cretaceous base-level and the establishing of a new 
base- level at a lower level, the streams soon cut through the 
thinned covering of Carboniferous and sub- Carboniferous rocks 
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to the soft Silurian limestone on which they then began to widen 
out the present lowland. At the same time that the central low- 
land was in process of formation, -the shales and limestone were 
being removed from above the hard siliceous beds which form 
the rim of the central lowland region and a second and structural 
plain was being formed along the siliceous beds. This second 
plain is the * 'highland rim" of middle Tennessee, and is prin- 
cipally of Tertiary date, although reasons have been given for 
considering its western portion as a part of the Cretaceous base- 
level. 

3. I'ertlary work iv Wisconsin. The surface of the driftless 
area of Wisconsin is generally level and if we leave out of con- 
sideration the trenching of the lowland by the present streams it 
may be considered as a region in which the surface has advanced 
far toward topographic old age. The streams have not only cut 
down to base-level, but have widened out their valleys laterally 
forming wider and wider plains and causing the intervening land 
masses to recede until they have become dendritic ridges, or 
isolated hills, or have wholly disappeared. The general surface 
is a broad plain interrupted by remains of a higher land mass 
(vhich has been eroded away except along the divides. The ex- 
cavation of this lowland was accomplished during Tertiary time. 
3ince then the region has been slightly elevated and the streams 
have deepened their channels and trenched the general lowland; 
but this episode is of interglacial date and does not concern us 
here. Before this slight uplift the surface of the driftless area 
was that of a country approaching the close of a long geographical 
cycle in which it had been reduced to base-level except along the 
inter-stream divides. 

4. Post-Tertiary suh-cych'. By the close of Tertiary time the 
softer rocks over many parts of the eastern Mississippi basin had 
a second time been base-leveled. The broad valley of the Ten- 
nessee river and the central lowland of Kentucky and of Tennes- 
see and the level lowland of the driftless area of Wisconsin are 
the clearest examples of this lowland. In Minnesota the lowland 
of Tertiary time was the lowland of Cretaceous time. 

After the close of Tertiary time a small elevation occurred 
which left the drainage of much of eastern United States a greater 
or less distance above base-level. The streams at once began to 
cut below the lowland which had l)een the base-level at the end of 
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Tertiary time. The resulting trenches can be recognized in many 
parts of the elevated region. The rivers of the middle Atlantic slope 
Jiave cut trenches one, two or tlrree hundred feet below the Tertiary 
base-level. The young narrow gorges of the upper Ohio and its 
brandies cut into the earlier widel}' opened and mature valle3's, de- 
scribed in Bulletin 58 of the Geological Survey by Chamberlain, are 
probably of the same date as the trenches of the rivers flowing into 
the Atlantic. The trench of the lower Mississippi as well as the 
trench of the upper Mississippi and the narrow valleys of the 
rivers which trench the Tertiary lowland of the driftless area of 
Wisconsin appear to be also of the same date. 

This minor c^'cle can be recognized only along the larger rivers 
iind along the lower courses of their tributaries. Remote from the 
main drainage lines and where Tertiary erosion had not reduced 
the river channels to base-level, the effect of elevation was simply 
to accelerate the rate of down-cutting; it was not expressed in any 
topographic feature of the valleys. 

The attempt will not be made to carry the histor}' of the devel- 
opment of the Mississippi drainage beyond the point which has 
now been reached. The interesting and complicated effects of the 
ice invasion, which must be considered as but an accident in the 
Tertiary cycle of development, if touched on at all would form 
so large a chapter that the\' cannot be embraced in the present 
discussion. . 
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THE CORRECT SUCCESSION OF THE OZARK 

SERIES. 

By G. C. Broadhkai>, State University, Columbia, Mo. 

The various members of the Ozark series, as described, de- 
fined and numbered in the earh^ geological reports of Missouri, by 
Swallow, Shumard and others, have been referred to frequentl}' 
since by others, and the harmony and coiTCctness of the earlier 
geologists have been acquiesced in by the later w^orkers. In Jul}', 
1891. the writer defined and briefly described "The Ozark Series. " 
1 have also called attention to the fact, notably in the article just 
referred to, that the Ozark series seemed, both by fossils and lith- 
ologic characters, to be naturally separated from the Silurian 
above, and should probably be referred to the Cambrian, especially 
the terranes lying below the first sandstone, and the strata of more 
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recent age thiui the porphyries should all be considered as belong- 
ing to the age of the Upper Cambrian. The first or Saccharoidal 
(St. Peters) sandstone, and the first Magnesian limestone may be- 
long to Lower Silurian, but there is not sufficient evidence on the 
subject. 

The recent publication entitled ''Iron Ores of Missouri," is in- 
teresting, and much of it instructive, especially the discussion of 
the distribution and nature of the ore deposits, which was the 
work assigned to the assistant. Thus far the work seems good. 
The pages treating of the physical geography of the Ozarks are 
Also good. 

That part included between pages 93 and 115, and especially- 
that from pages 106 to 115, it would have been much better to 
have omitted. A competent man should have corrected this and 
put it in proper form or else it should have been entirely omitted. 
Now, as these pages reflect upon the accuracy ot the work of oth- 
ers, some of whom have passed beyond the Great River, I feel 
called on to enter a protest. And without reflecting upon any 
other part of the report I feel that I must correct the false impres- 
sion that perad venture might enter the minds of others. 

On p. 96 Mr. Nason informs us that the reasons of the early ge- 
ologists for separating the formations by sandstones are insuffi- 
cient. This seems gratuitous, as he does not give those reasons 
nor has he sufflcientl}* studied the field to be able to give an opin- 
ion. He dwells on the use of the word ** recognize." I do not 
consider that important, for evidently wherever the rocks are 
recognized they are ^ also identified, but it was not considered 
necessary to use that word. He quotes from Shumard's report 
of Franklin, St. Genevieve and Jefferson, and yet from his own 
writings we would infer that he had not visited those localities. 
He tries to show that thev are incorrect when he himself has not 
seen the rocks. He just seems to deny the correctness of Shu- 
mard's work on general principles. If Mr. Nason made a correct 
study of the iron ores, he had no time to devote to the geology of 
5uch an extensive field as he endeavors to enlighten us upon. 

The great Ozark series Prof. Swallow divided into a succes- 
sion of four limestones, separated b}' certain sandstones. Each 
member was full}- described and afterwards identified b}' thos^ 
that came after. The author of the Iron Ore report makes the state- 
ment that the first and second sandstones are one and the same, 
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(see p. 115). His report is accompanied b}' a series of numbered 
sections on Piney river from Cabool to Arlington, and on the 
Gasconade from Arlington to Grasconade. I am not familiar with 
the region south of Arlington, but I have followed the Gasconade 
from the mouth of Little Piney to Gasconade. 

Suppose we assume the Missouri bluffs to be a base line. From 
Washington to Jefferson the series of rocks, in sight along the 
Missouri Pacific railroad, have been referred by all former geol- 
ogists of Missouri to the age of the second Magnesian limestone. 
The}' consist of a scries of siliceous dolomites argil lo-magnesian 
lime-stones, concretionary chert layers and some shale beds with an 
occasional lenticular bed of white sandstone, in all aggregating over 
100 feet in thickness and in some places reaching over 250 feet. 
One or two thin sandstone lavers are here included but the lime- 
stones above and below are the well known beds of the second. 
Such a thin sandstone layer is seen half way up the hill at Cham- 
ois and also between Chamois and the Gasconade, likewise in the 
bluff, at Hermann and a mile east. 

The first sandstone is not often seen west of Chamois. East of 
Chamois it is seen at a few places back on the hills, and at Gas- 
conade it is the highest rock, occurring near the hilltop and prob- 
ably over 250 feet above the base of the hill. A short distance 
below the Gasconade are found ver}' large tumbled masses lying 
near the river. A few miles east it is found banded, pink and 
white. A mile back of Hermann it is high in the hills, but not at top. 
At the county line of Gasconade and Franklin it caps the hills, and 
at this place I obtained fragments of a large species of Orthocera- 
ttte. All along the railroad the second Magnesian limestone 
is the lower rock, generally' rising over 200 feet in the bluffs. At 
Gray's summit the Pacific railroad cuts through the first sand- 
stone, as it also does east of Pacific. Our section at Pacific would 

show: 

1st — Trenton limestone. 

:id— Black River beds. 

.'^d — First Magnesian limestone. 

4th — 100 feet of Saccharoidal sandstone. 

North of this, on the Missouri bluffs the first sandstone is well 
exposed. Crossing the Missouri river into St. Charles county, 
it and its associated rocks both above and below are well exposed. 
At the count}' line of St. Charles and Warren the second Magnesian 
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limestone appears nearl}^ 200 feet in thickness and is capped by 
the first sandstone. 

A section one-half mile east of Augusta shows the following: 

1 — Beds of Lower Silurian — Black River limestone. 
2—94 feet of 6r8t Mafirnesian limestone. 

f a-1 foot of greenish white calca- 
3 — 5 feet Beds of passage ^ | reous oolite, 

between limestone above [^ including b-1 foot soft yellow sandstone, 
and sandstone below. J c-1 foot drab oolite, calcareous. 

td-2 feet brown calcareous oolite. 
4-130 feet of Saccharoidal sandstone — mostly white. 
5—2 feet of chert. 

6 — Second Magnesian limestone, with some chert and some beds of "cot- 
ton'' rock. 

The beds of passage (No. 3) are also found at several places in 
Warren and Montgomery counties. On Charette creek in Warren 
county we find: 

1 — 25 feet of Lower Silurian — Black River beds. 
2 — 59 feet of first Magnesian limestone. 
3—70 feet of Saccharoidal sandstone. 
4 — 22 feet of second Magnesian limestone. 

Westwardl^' in Warren county the sandstone becomes thinner, 
becoming still less in 3Iontgomery and occurring most!}' in pock- 
ets farther west resting in eroded valleys of the second Magnesian 
limestone. On Loutre creek, near the mouth of Whetstone, 
the upper portion consists of about 3 feet presenting a columnar 
appearance perpendicular to the bedding plane ver}- much resem- 
bling the sides of a piece of ice while melting. 

I have examined the Missouri bluffs at most of the outcrops of 
these on both sides of the river from St. Charles count}^ 
to beyond Jefferson City and am satisfied with the correctness 
of my conclusions concerning them. The first sandstone is 
always soft and generalh' of a white color and remarkably pure, 
in silica generally over 99 per cent. At Crystal ("it}', in Jefferson 
count}', we find exposed 75 feet of this sandstone of a white color 
and soft consistency, and overl^'ing it is the first Magnesian lime- 
stone. Nearly 200 miles north and at West Point, Illinois, the 
first sandstone lies along the river for a mile or more with al)out 
75 feet thickness exposed, while o^-erlying it is the first 3Iagne- 
sian limestone with scarcely an}' trace of fossils, and also about 75 
feet thick. Upstream a quarter of a mile the Black lliver lime- 
stone beds overlie the Magnesian limestone with Trenton limestone 
still higher containing typical fossils. 
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Prof. Worthen in the Illinois report speaks of this sandstone as 
the St. Peter's. Its position here and at other places just named 
is the same with reference to adjacent beds and it is also white 
and friable. I hav^e also seen it occupying the same position 
and presenting the same characters at St. Paul, Minnesota, where 
it is known as the St. Peter's sandstone. 

During their work, the members of the first geological survey 
of Missouri were taught to be careful and to observe closel}', to 
note ever}' character pertaining to a bed or a formation. It was 
a school in which to make good stratigraphic geologists. We 
were directed to note every feature — to collect every fossil, and 
where fossils were wanting to correlate as nearly as possible, to 
follow a known stratum or bed and correlate it as we would pass 
along. Constant practice of this kind made good workers, and in 
time made rapid workers, We did not wait for some other man 
to note different features, one man to collect a rock, another a 
fossil, another a mineral, another to measure, but each man felt 
it incumbent to do that work himself. In that, and no other way 
can a man become a good strati graphical geologist. The student 
of Archaean rocks often has not so much to guide him, yet he 
ma}' find the older and newer rocks. In our work we noted all 
characters and found some fossils. The fossils of course are 
the most important aids. 

In the well at the insane asylum the material was brought up 
in a pounded condition, and although the divisions of strata could 
not be so sharply defined as in the cores brought up by a diamond 
drill, still it was possible to identify strata. In this study one of 
ray keys was the white sandstone at about 1,400 feet from the 
surface, and it was easil}- recognized, for its character was similar 
and the thickness was 133 feet just the same as measured at the 
outcrop near Augusta 35 miles distant. The overljnng materials- 
also approximately agreed in character and thickness. So the 
identification was satisfactor}*. The well penetrated the palaeozoic 
rocks 3,843 feet, beginning in Lower Coal Measures and reaching 
probably to granite. The lower beds were of coarse brown sand- 
stone. 

The Second Sandstone. 

Near the mouth of the Osage we have over 150 feet of second 
>Iagncsian limestone which includes a few thin layers of white sand- 
stone. On the Osage at the mouth of Lake Branch the second 
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sandstone is seen. A little farther up stream it rises in the hills 
and the third Magnesian limestone appears below. As we pass up 
stream the rocks rise to the south and at the mouth of Profflt's creek 
the second sandstone is on the hilltop with the third Magnesian lime- 
stone below. The second sandstone is also found on Maries creek 
a mile from its mouth and is always a coarse grained rock, coarser 
than the first and never so white; it is often a buflf color with 
white specks sometimes ferruginous, and many iron ore beds of 
south Missouri are associated with it, as at the Meremec Iron 
works. It is the highest rock on the bluffs near Arlington where 
it rests on the third Magnesian limestone 180 feet above the 
vallev. 

Some of Mr. Nason's sections on the Gasconade in the Iron Ore re- 
port agree with mine, but he has failed to note the rocks at Mount 
Sterling, 20 miles south of Missouri river where we find that 
the third Magnesian limestone has dipped below the surface and 
soon the second sandstone also disappears dipping northwardly. 
At Fredericksburghjten miles south of Missouri river, the first 
sandstone appears, and at the mouth of the Gasconade it occupies 
the hilltop with over 250 feet of second Magnesian limestone 
below. The first and second sandstones are geologically ever^'where 
over 250 feet apart. Yet in this report (p. 112) they are con- 
sidered to be the same!! That on the hilltop at Arlington is the 
second sandstone and it continues to occupy the same position 
along the Gasconade river in Maries county and nearly half way 
through Osage. 

The Third Magnesian limestone is found in the bluflfs below the 
second sandstone and cannot be confounded with the second Mag- 
nesian. It occurs in much thicker beds, sometimes as much as 
20 feet and the}* are often (especial I3' the thicker beds) of a del- 
icate flesh color. The upper beds are often coarse and of a gra}' 
color. Chert beds occur but not so often are they accompanied 
with shale as are those of the second Magesian limestone. Thick 
beds of limestone do occur near the base of the second Magnesian. 

In sections opposite page 106 of Mr. Nason's reix)rt we find a thin 
bed marked '^fossils" in nearly all of his sections up to No. 26, 
but strange to say it is omitted in 26,30 and 32, and in his written 
report he says nothing about fossils in those sections; yet in a 
subsequent article in the American Geolouist he makes the state- 
ment that fossils are found in a stratum that has been followed all 



266 The American Geologist, April, i893 

along the Gasconade river below the sandstone. I have elsewhere 
stated that fossils do occur in cherty layers below the second 
sandstone. That is the position in which he found the fossils up 
to his Sec. 25. Now, he does not mention having found fossils 
in Nos. 26 and 30 and I suppose that they were not found. In 
his published report he says nothing of fossils at Gasconade in 
No. 32. But in his article in the American Geolo<}ist he does 
make such a statement. Now, I do not doubt that he or someone 
else may have found fossils at Gasconade, but the layer in which 
they were found was one much higher geologically and belonging 
in beds referred to the second Magnesian limestone. There are simi- 
lar strata with fossils both in the second and third Magnesian 
limestone formations. The statement made that those near Arling- 
ton and Gasconade are identically the same he could not prove 
unless the connection was uninterrupted. From his own printed 
sections there must certainly be breaks of at least ten miles. 

The first and second sandstones occur in regular beds, often 
thick. Other sandstones which are thinner and are often lenticu- 
lar do occur interstratified with the Magnesian limestones as stated 
elsewhere. 

In that part of Missouri lying west of a line passing south from 
Cole county, the first sandstone is not often found, except in 
pockets, and the first Magnesian limesUme is also seen at but few 
places. In Cole county just over the second sandstone we find a 
cellular siliceous rock, very raucli resembling a buhr stone. This 
has also been observed in Webster county. 

In southeast Missouri, chert bods are generally associated with 
the second sandstone, and the^^ are often fossil if erous, as in Iron, 
Madison and Reynolds. These chert beds sometimes are over 100 
feet thick. 

On page 111 of the iron report, certain fossils are enumerated 
with Dr. Sliumard referred to as authoritv, and he is made to re- 
port the occurrence in the first sandstone of certain fossils in the 
counties of Wright, Ozark, Miller and Pulaski.* Now, referring 
to Dr. Shuinard's report on Pulaski, Shumard says, "that gas ter- 
opods are found in the third Magnesian limestone," and sa3'8 no- 
thing about them in the sandstone. In the report on Wright 
county, Dr. Shumard mentions fossils only from the second Mag- 
nesian limestone, and says nothing at all about fossils from the 

*See Mo. Geological Report, 18.55-71. 
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first sandstone. In his report on Miller county Mr. Meek men- 
tions finding a few casts of fossils, including Euomphalus and 
other Gasteropoda, in chert beds and sandy layera of the second 
sandstone but names none from the first sandstone, nor does 
Shumard anywhere sa^' anything about fossils from Miller county, 
as stated by Mr. Nason. 

On page 1 1 1 we are informed that Shumard had obtained or re- 
ported an Orthoceratite from Maries county, with Straparallus 
and Chemnitzia from Ozark county and the pygidiiim of an Arion- 
ellus from Wright county; the author of the iron report says that 
Shumard affirms that these are from the first sandstone. Refer- 
ring to the geological report of 1855-1871, p. 10, we find that 
Broadhead and not Shumard (as Nason says) found what seemed 
to be the fragment of an Orthoceratite in Maries county. In 
Shumard's report of Ozark county (Rep. 1855-71), Dr. Shumard 
states that a few internal casts of Straparollus and Chemnitzia are 
found, but were too imperfect for accurate determination. In the 
same report Shumard mentions other fossils found in the second 
Magnesian limestone, and also states that he found fossils in the 
second sandstone and the third Magnesian limestone. 

Some fossils found in the second Magnesian limestone also are 
found in lower series, as Straparollus^ Murchisonia, Chemnitzia. 
Dr. Shumard was too good a geologist and palseontologist to make 
serious mistakes. He was thoroughly acquainted with the whole 
Ozark series. A specialist in a certain line, as a mining engineer, 
may be an excellent expert, but he cannot easily trace out the 
connection and sequence of beds. 

In the interior portion of south Missouri the Ozarks are pushed 
up, forming the flattened dome of the Ozark plateau and tbe sur- 
face strata are of the Ozark series. Within twent}- miles of the 
Missouri the strata are found dipping northwardly. On the Mis- 
souri river bluffs, from the Osage to the east part of Franklin 
county, the strata along the south side of the river are all of Cam- 
brian age. We do indeed find a few residual fragments of Lower 
Carboniferous chert and fossils but no Silurian or Devonian. On 
the north side of* the river the Ozark series is overlaid by Lower 
Silurian all the way from St. Charles county to Callaway. With- 
in ten miles north the Silurian is concealed by the overlying Lower 
Carboniferous, which is the surface rock, and the ridge dividing 
the waters flowing into the Missouri from those flowing into the 
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Mississippi is not so high by 100 to 200 feet as the Ozarks are 
twenty miles south of the Missouri. Mr. Nason's section at the 
mouth of the Gasconade shows that the bluffs there are 150 feet 
higher than the dividing ridge near Montgomer}' City, and the 
country near Arlington and Rolla is as much as 300 feet higher. 
At Arlington the rocks belong to the Ozark series. At Jones- 
burgh to the Lower Carboniferous. 



ON A NATURAL FORMATION OF PELLETS. 

By J. A. Uddbn, Rock Island, 111. 

In McPherson county, Kansas, there are several outcrops of a 
stratum of volcanic dust occurring in presumably Pleistocene beds. 
(See Megalonyx Beds in Kansas, American Geologist, Vol. vii, 
p. 340). At the time this material fell, it settled in water on the 
bottom of a lake or of a wide river, which here occupied a de- 
pression running north and south. In one of the places where 
the dust is now exposed, it is seen to have fallen among sedges, 
or similar growths, in shallow water, and it was agitated by the 
waves, as it settled, thus becoming decidedly ripple-bedded. At 
this place there are to be seen imbedded, scattered in the deposit, 
a number of round white pellets. I purpose to describe these 
little structures, and to suggest an explanation of their formation. 

The deposit here is about live feet in thickness. The lower 
part of it is penetrated b}^ hollow casts of sedges, which extend 
from one to two feet upwards from the bottom. Above this the 
deposit is ripple-bedded for at least two feet, but uppermost this 
bedding grows indistinct. The pellets are found in greatest abund- 
ance in the ripple-bedded horizon and none have been seen in the 
lower part of the dust The}^ are mostly lodged in the thickest 
layers. (Fig. 1.) 

The pellets are spherical or lenticular bodies, ranging in size 
from one to five millimeters in diameter.* They are composed of 

*In 32 specimens taken promiscuously, the different sizes are repre- 
sented as follows : 

Between .5 mm and 1 mm in diameter, 1 specimen. 
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the same material as that of the matrix !□ which they are lodged. 
Breaking them open they are seeo to have aa outer dense Croat and 
a loose, porous interior. (Fig. 2. ) The thickness of the crust «t- 

mm 





It Into fine tabea; Duid B, Flftiii IrtMimentso^ 
erageB in thirty spccimeus about one-seventh of the total diameter, 
bat it varies from one-fifth to one-seven tee nth of the same. As a 
rule it is uniform all around, but occasionally it is thicker on one 
side when the outer surface appears to bulge out Examined un- 
der the microscope it is seen to consist of pumice fragments of 
only the most minute size. A gradual change from the very finest 
material in the outer part of the crust to laiger fragmenta on the 
inner side, can always be noticed. Occasionally the entire crust 
will separate into two or more concentric laminse. 

The interior of the pellets is filled with particles of large size, 
averaging considerably above that of the dust in which the pellets 
ore imbedded, and loosely placed in the cavity of the crust without 
any particular arrangement. They do not quite fill the space within 
the crust. la some cases unbroken hollow spheres of volcanic 
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glass were found in this interior, and hemispherical and concave 
fragments are not uncommon (Fig. 3, B). Very likely intact spheres 
were broken when the pellets were opened, for the material is ex- 
ceedingly brittle. 

The pellets give a peculiar and striking aspect to the rock, where 
they occur. The question promptly suggests itself; how were they 
formed? Being found only in that part of the deposit, which is 
thoroughly ripple-bedded, it is near at hand to inquire, if wave 
motion may not have produced them. Examining a sand-beach 
where the wind is throwing the waves against the shore, it may be 
noticed that the differential motion back and forth in the water 
close to the bottom, often rolls and turns over sand grains resting 
on the bottom. This rolling motion may be seen still better, if 
some lighter objects, such as small berries or seeds, or some soaked 
saw-dust, be thrown into the water. The wave current back and 
forth is quit« noticeable half an inch above the bottom, but the 
water in immediate contact with the bottom is held by friction and 
is but ver}' little affected b}' the motion. An object resting on 
the bottom will have its lower side held by this comparatively inert 
layer in the water as well as by the friction against the bottom, while 
the upper part will be exposed to the impinging force of the cur- 
rent just above. When the force of this current is strong enough, 
the object will turn over and roll. 

It seems that in water holding a great deal of sediment, an ob- 
ject thus set rolling, might gather up around itself minute part- 
icles adhering to it. Especially would this be the case, if the ob- 
ject has a rough surface. Such agglomerations would eventually 
become buried in the sediments, where they formed. 

The reader will remember that this volcanic dust is composed of 
thin flakes, which are the fragments of hollow glass spheres, 
formed by the expansion of gases in the magma thrown out by a 
volcanic eruption. The flakes (Fig. 3) are very irregular in shape. 
Some of the original small hollow glass globes are still entire and 
may be separated from the rest of the dust by throwing it into 
water. The broken flakes will then sink, but the little entire 
spheres will float. When the dust fell a number of the entire 
hollow spheres no doubt floated on the water for some time, as 
they will do yet. The angular character of some of the glassy 
fragments must have caused them to become entangled with such 
floating spheres and thus to sink them. Most such clusters would 
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remain where they fell, but some may have had just the right 
lightness and the right shape to be rolled over the bottom by the 
currents in the water. Filamentous algse and other organic bodies 
may have helped to form them. Once started, such a cluster 
would pick up fragments that happened to lodge in the interstices 
among its particles, first larger ones and then smaller. Thus the 
pellet would grow and form a crust of finer material than that in 
the nucleus. 

If such is the correct explanation of the formation of these 
structurelB, similar ones may be looked for in other places, where 
there is evidence of wave motion and of rapid sedimentation (for 
it seems that both of these are requisite conditions), whenever the 
material is of such a nature that its particles arc apt to get tangled 
up with each other. Thin flakes are evidently more apt to form 
clusters in this way than rounded grains of sand. It may be of 
interest to mention in this connection that pellets, apparently of a 
like kind, have been found in ripple-bedded places in the micace- 
ous shales, or sandstones, which make the famous fossil-bearing 
beds on Mazon creek, in Grundy count}-, Illinois. 

Augustana College^ Rock Island^ Ills. , Jan, 28^ 1893. 
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A preliminary report on the Coal Deposits of Missouri. By Akthxjb 
W1N8L.0W, State Geologist. Geological Survey of Missouri, Jefferson 
City, November, 1891; 226 pages. — This Is the first of a series of subject 
reports published by the Missouri survey; two others, one on Iron Ores, 
and another on Mineral Waters, have already been issued.* The report 
is written in a semi-popular style, but Is nevertheless of scientific inter- 
est and importance. It Is Intended, primarily, as a statement, which 
shall be easily accessible, of what is at present known concerning the 
coal deposits of the state. The questions of the correlation of the dif- 
ferent coal beds and a general discussion of the stratigraphy of the 
Coal Measures are necessarily but briefly touched upon, or omitted. 

That part of the report which is of special interest to the citizens of 
Missouri is **A systematic description of the coal beds now operated.'* 
This occupies more than one-half the report, and brings together a 
large amount of detail concerning the dlfiferent pits in workable beds 
of coal. One of the special features of this part is the large number ot 
detailed sections of the strata immediately above and below the coal 

^Reviewed in the last Geologist. 
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seams. Many of these sections are accompanied by illustrations show- 
ing the relative position and thickness of the different layers and espec- 
ially of the coal beds. 

The first fifty pages contain that which is of most interest to the ge- 
ologist outside of the state. Within these pages are briefly discussed 
the distribution, topography, lithology, stratigraphy, and process of 
deposition of the Coal Measures. Speaking broadly, that part of the 
state lying to the northwest of a line drawn from the extreme north- 
eastern to the southwestern corner of the state is underlain by Coal 
Measure strata. Along this line these strata thin out and disappear, 
but they increase in thickness away from it, reaching a maximum of 
about 2,000 feet at the northwestern corner of the state. The dip is in 
the same direction but is slight, being only about ten feet to the mile. 
The Lower Carboniferous rocks immediately underlie the Coal Measures 
and the two formations are separated, at least at the margin of the lat- 
ter, by an erosion interval. The coal beds are more abundant and 
thickest over the marginal portion of the Coal Measures, but are found 
throughout the interior. 

Under the title, **The process of deposition," a very ingenious and 
satisfactory hypothesis is outlined. Starting from the following con- 
ditions, — that the marginal conditions were generally those favorable 
to the formation of coal beds, that marine and deep water conditions 
were more frequent over the central area and that the strata from the 
base to the top were, at intervals, near the surface, — which are found 
to be necessary for any interpretation of the process of deposition, Mr. 
Wiuslow clearly presents the succession of events which explain the 
deposition. He begins with discarding the prevalent ideas that the Coal 
Measures are strictly divisible into a lower, middle and upper series, 
that there must have been a subsidence over the entire area of some 
2,000 feet during the time of accumulation, and that a slight tilting and 
an enormous amount of erosion must have taken place to bring the strata 
Into their present position. He suggests that when any area is sub- 
merged deposition goes on fastest at the margin, but the deposits here 
are not as thick as those in the interior provided time is allowed for 
all of the submerged area to be filled in. The margin is the first to be- 
come a shallow water area suitable for the accumulation of c^al, and as 
the outer portion was gradually filled with sediments the coal swamp 
would slowly creep outwards until it covered the whole in a continuous 
sheet, — provided deposition was continued and subsidence arrested. The 
result is that the coal bed would be thicker near the margin where the 
time of accumulation was longer. A later subsidence of the central 
area, but of small amount* or none at all, at the margin, would make 
the following sediments slightly unconformable upon the earlier ones; 
and when shallow water conditions were reached coal would again form 
and the later coal bed would be nearer the lower one at the margin of 
the submerged area — actually a part of it were there no marginal sub- 
sidence — than towards the interior. In such a manner, with successive 
periods of subsidence and accumulation, — the subsidence always being 
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greater in the interior of the basin, — the Coal Measures were deposited. 
A rapid, continuous, or a frequently recurring subsidence would pre- 
vent the accumulation of coal, or would limit its formation to narrow 
marginal areas. A few simple diagrams make the process of deposition 
and the relations between the different strata easily understood. A 
study of the hypothesis presented shows how a moderate amount of 
erosion will su£Sce to produce the present limitations of the upper 
strata; how coal beds are more abundant over the marginal area; how 
the interval between any two strata may be very different at different 
points; that a columnar section constructed from outcrop measurements 
of successively exposed strata from margin to topmost layer will not 
represent the succession of strata In the interior; that a coal bed may, 
at one point, Immediately overlie strata which are widely separated at 
another point; that the strata at the margin are not necessarily the 
lowest; that sandstone, shale or limestone may be prevalent according 
as the beds were marginal, shallow water or marine portions of the de- 
posit. 

The Missouri survey is to be congratulated upon the production of 
such a neat and handy volume, also upon its subject matter and ar- 
rangement, as well as its typography. It is certainly one of the best 
appearing reports yet issued by a state survey. 

The Journal of Oeology, is a new publication, **A Semi-quarterly Mag- 
azine of Geology and related Sciences,'* whose editors are T. C. Cham- 
berltn, R. D. Salisbury, J. P. Iddings, R. A. F. Penrose, C. R. Van Hise, 
C. D. Walcott and W. n. Holmes, with a number of associate editors, 
some of them being European. It is issued under the auspices and 
guarantee of the Chicago University. Its purpose is to discuss some of 
the broad and deep problems of the science of geology — systematic, phil- 
osophical, fundamental geology— in its inter-state and international 
relations. The first number contains: 

On the pre-Cambrian rocks of the British isles. Arch. Geikie ; Are 
there traces of man in the Trenton gravels? W. H. Holmes ; Geology as 
a part of a college curriculum, H. S. Williams ; The nature of the engla- 
ciat drift of the Mississippi basin, T. C. Chamberlin ; with editorials and 
reviews. 

Phases in the metamorphism of Vie schists of sovXhem Berkshire^ by 
William H. Hohbs. Bull. G. S. A., Vol. IV, pp. 167-178, Feb. 27, 1893. 
Certain so-called porphyritic minerals occurring in the crystalline schists 
of southwestern Berkshire county, Massachusetts, and northwestern 
Litchfield county, Connecticut, are described in this paper. These min- 
erals are feldspar(an acid plagioclase), garnet, staurolite, tourmaline, bio- 
tite and ottrelite. Secondary enlargements of feldspar, garnet and tour- 
maline are discussed and figured. Those of feldspar are the most inter- 
esting; here the enlargements are generally of a more basic character than 
the cores, as is shown by the extinction angle. In cases of feldspar 
twins the enlargement is sometimes twinned in the same manner as the 
original grain, and again the enlargement is untwinned. Granophyric 
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intergrowths of quartz and feldspar occur and these are supposed to be 
of secondary origin, as has been shown by Irving and Romberg to be 
sometimes the case. The author concludes that the above mentioned 
minerals of a porphyritic nature have been developed in an originally 
clastic rock as the result of orographic disturbance. Internal mechani- 
cal movement seems to have had little to do with their formation. ''The 
development of the porphyritic constituents seems therefore to be due 
to a partial recrystallization of the rock as a result of what I would call 
static metamorphism — f. e., metamorphism in which pressure is the im- 
portant factor, in contrast to internal movement, though heat and a 
mineralizer were important adjuncts/' 

Zur Oenaucn KenntnU der PtumoUthe des Hegavs. Von H. P. Cush- 
TSQ und E. Weinschenck, in Munchen. Phono) ites and phonolite tuffs 
from Hohenttwiel, Gonnersbohl, Staufen, Hohenkrahen, Schwindel, 
Magdeberg, Duchtlinger Wald,P16ren and Rosenegg, in their petrograph- 
ical relations form the subject of this paper. The territory is a small 
one,making noteworthy the very variable character of the phonolites oc- 
curring therein. The different types found occurring were nosean phono- 
lite, noseanophyre, leucite phonolite, nephelite phonolite and trachytic 
phonolite. The nosean phonolite is characterized by porphyritic sanldine, 
hauyne and augite in a groundmass of sanldine, aegerite and nosean, 
with nephelite either absent or present in only small quantity. The 
noseanophyre ^from Magdeberg and Schwindel is noteworthy from 
the much less prominent porphyritic structure. Sanldine, occasional 
hauynes, and still rarer augites are the minerals of the first gener- 
ation. In the groundmass in addition to sanldine, aegerite and nosean, 
nephelite appears in its characteristic four or six sided sections as a 
characteristic constituent. On the small hill of Staufen two ex- 
tremely different phonolites occur, true leucite phonolite, and an or- 
dinary nephelite phonolite. In both porphyritic crystals of sanldine, 
hauyne and augite are of only occasional occurrence, and in both nosean 
does not appear in the groundmass. The first is characterized by 
abundance of small leucite crystals and non-appearance of nephelite; in 
the second no trace of leucite is found and nephelite is abundant. 
Finally from Gonnersbohl a last well-marked type is found marked off 
from the rest by the non-appearance of either leucite, nosean or nephe- 
lite in the groundmass, which has a trachytic structure; the needle 
shaped sanldine crystals show well marked flow structure, and between 
these the arrangement of the zeolite crystals makes it very probable 
that they arose from an original glassy base. In all these rocks apatite 
is abundant, titanitc common and zircon occasional. Interesting is the 
occurrence of hauyne minerals in two generations, which Rosenbusch 
says does not happen.* Micro-chemical tests, wherever these minerals 
were fresh, showed that the porphyritic crystals were hauyne, those in 
the groundmass nosean. The latter were locally colored a beautiful 
deep blue, and this color is easily produced where not present, by simple 

*Rosenbusch, Mikroscopischc Physioflrraphio der massiflren Gesteine, Stuttgart, 
1887, p. 614. 
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heating. The hauyne on the other hand was never blue, and could not 
be colored artificially either by heating in air, or in sulphur vapor. This 
is interesting as showing again the uncertainty of attempting to separate 
hauyne and nosean by the presence or absence of a blue color. 

The porphyritic augite also presents features of interest. It agrees 
closely with the **auglte vert" of MIchel-L6vy and Lacroix,* and lies 
between ordinary augite and aegerite in character. Optically a=a, b=b, 
c=c., and the extinction angle is never more than 30^. It has a strong 
pleocbroism, a being greenish yellow, b green, and c green with a tinge 
of yellow. Its crystal form is that of ordinary augite. The pyroxene 
in the groundmass seems to be always aegerite. 

Ursvs ferox from Malta. — G^logical Magazine [3] X, pp. 67-69. In 
excavating in parts of the Har Dalam cavern in the Pleistocene of Malta, 
Mr. John N. Cook, F. G. S., unearthed the entire remains of Ursus ferox 
with canine and molar teeth insUu and a number of detached teeth of 
other individuals of the same species. Large quantities of bones of 
Hippopotamus penUandU Cenma harbarus, Elephaa mnaidrienaisy and 
other animals were also discovered. The entire amount of earth exca- 
vated amounted to about 720 cubic feet. Cenms occurred in a friable 
marly loam, with a few pebbles, together with fragments of old pottery. 
Underneath this loam was a layer of Indurated, light grey loam (also con- 
taining Cermui) in which were imbedded Uraus ferox and HippopoUimus 
pentlandL Below this section was another about one and a half feet 
thick, in which were found numerous remains of Hippopotamus. 

From their similar state of preservation the author concludes that 
these animals occupied the Maltese era contemporaneously. 

On a new FossU Amber-like ReHn from Burma; by Dr. Otto Helm, of 
Danzig. (Records of Geol. Sur. India, vol. xxv, p. 180.) From a prelimi- 
nary chemical and physical examination upon a small quantity of mate- 
rial the author concludes that this is an entirely new variety of amber. 
The resin resembles the Baltic succinite. In that it is easy to cut, saw 
and polish. Hardness, 2.5-3. Sp. Gr., 1,034. Exhibits a fine blue fluor- 
escence. 

On PaUeosaccus dawaoni, gen. et sp. nov. Hiude. Dr. Hinde in the 
Geological Magazine [3], x. Feb., pp. 56-59 announces and describes this 
new hexactinellid sponge, which was discovered by Sir William Dawson, 
in the Quebec group at Little M^tis, Canada. Pal^osaccus is cylind- 
rical or sack-like, with thin walls of rhombic meshes, which are large. 
The strands of the mesh-work consist of fascicles of slender rods, cruci- 
form, and perhaps five-rayed spicules; the inter spaces are either open 
or covered with a thin layer of irregularly disposed rods and cruciform 
spicules. No anchoring spicules have been found in immediate connec- 
tion with the sponge,but there are in the same beds elongated anchoring 
spicules with ornamental spiral ridges which may perhaps belong to it. 

The species is named after its discoverer. 

*Micliel Levy and Lacroix, Tableaux des min^raux dee roches. Paris, 1889. 
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A Hyetm and. other Caminorafrom TextiM, (Proc. Acad. Nat. Set., Ill, 
1892, p. 336.) Prof. Cope announces a new genus from the Blanco beds 
(Pliocene) of Texas, which he has named Barophagus, and the species 
diversldeTiSt which he concludes was **the scavenger of the Blanco 
Fauna;" also a new genus and species of a weasel, which he names 
Canimartea cumminsit Canl^martea is allied to Miutela; also he an- 
nounces a now cat provisionally referred to Felis hiUianvs^ about the 
size of the Cheetah, with feet shorter than any of the modern cats. 



OOREESPONDENOE. 



The Movement of Muir Gijlciek. — In the December number of the 
Geologist appears the following statement by Prof. G. F. Wright: "In 
accounting for the apparent discrepancy [italics mine] between profes- 
sor Reid's measurements of the movement of Muir Glacier and my own. 
In your notice of his important work, attention should have been called 
to one other point, namely, that we did not measure the same portions 
of the glacier. Professor Reid measured the motion only so far out 
from the center as he could plant stakes; but there was a quarter of a 
mile or more in the middle which he found it impossible to reach. The 
reason why he could not reach it was that that was the most rapidly 
moving part where, consequently, the crevasses were impassable." 

This statement is based on a misapprehension, does not correspond 
with the facts, and hence calls for comment. Professor Wright has evi- 
dently misread Prof. Reid's statement of the case, and consequently 
maf^nifies the importance of that portion of the glacier that Reid's party 
did not cross. Professor Wright's remarks would lead one unacquainted 
with the ground to infer that this portion was all that was moving rap- 
idly and was deeply crevassed. He seems himself to share this belief. 
It is, however, far from being the correct one. He truly says that this 
part was impassable, and is the most rapidly moving part of the glacier. 
He fails to realize that the ice adjoining this impassable strip is itself so 
nearly fmpossable, that no sharp line of demarkation between that which 
is impassable and that which is not can be drawn. If professer Reid 
had not been so experienced at ice work that he was able to guide his 
party with masterly skill in the face of extraordinary difficulties, at least 
four of his flags could never have been posted where they were, and 
thrice as wide a strip of ice would have been regarded as impassable. 
On several occasions white setting out flags two hours hard work re- 
sulted in no greater advance than fifty feet ; once, indeed, resulting in a 
net loss. The difference between ice of that character and ice that is 
impassable is a microscopic one. The fact is that the swiftly moving, 
deeply crevassed portion of Muir glacier has a width of fully three- 
quarters of a mile, and nearly or quite two-thirds of that distance was 
covered by professor Reid's flags. In this portion the rate of motion in- 
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creases slowly and gradually from the sides to a point near the center. 
A glance at professor Reid*8 map of the Ice front, opposite page 55 of 
his paper in the National Geographical Magazine, will show more clearly 
than any words the relation which the space not crossed, between his flags 
Nos. 6 and 7, bears to the space which was crossed. Flags Nos, 5, 6, 7 
and 8 are all out in the swiftly moving part of the glacier. Had a flag 
been planted midway between Nos. 6 and 7 it is a perfectly safe predic- 
tion that no motion more rapid than 10 feet a day could have been dis- 
closed. Anything measurably greater than this, moreover, would result 
in a differential motion whose results on the ice would be almost incon- 
ceivable. One must have been out in the midst of that chaos of pinna- 
cleSf sharp ridges and yawning crevasses, to fully realize the force of 
the foregoing statements. 

A study of professor Wright's map (Ice Age in N. A., p. 49) will show 
that his claim that professor Reid and he measured different portions of 
the glacier, is founded on a misapprehension. Reid names 500 yards as 
the distance not covered by his flags. Professor Wright*s points num- 
bered 2 and 5 cannot both lie in this space, as his figures (given on p. 50, 
Ice Age in N. A.) show them to be considerably over 3,000 feet apart, and 
though their direction does not correspond with the line of Reid's flags, 
their distance as projected on this line would be far more than 500 yards. 
But he states that point 3 moved 65 feet, point 5, 70 feet a day. One or 
the other, possibly both of these points, lies in ice in which professor 
Reid found a motion of 7.2 feet as a maximum. 

Further, professor Wright's measurements, taken by themselves, will 
not bear close scrutiny. He maps a point. No. 4, about midway between 
Nos. 2 and 5. To this he assigns a motion of 36 feet a day, while points 
2 and 5, about equally distant from it to the right and left, are marching 
forward with a motion double this. Moreover, points 6 and 7, which are 
much nearer on a line with point 5 than point 4 is, are only moving nine 
and ten feet respectively. Further, there is no means of telling which 
one of these points occupies the space which professor Reid's measure- 
ments did not cover, or whether any of them do. The directions of mo- 
tion, as mapped by professor Wright, do not coincide with the directions 
of the moraines. Muir glacier is retreating, hence it is undoubted that 
its motion was less rapid in 1890 than in 1886. But it strains the fmagi- 
nation to an unwarrantable extent to ask credence for the proposition 
that the glacier was moving seven or eight times more rapidly in 1886 
than it was in 1890. A decrease of speed of even one-half in that time 
would be almost beyond belief. 

Professor Wright's method of determining the motion was by sighting 
on pinnacles, which he believed he could recognize from day to day. 
It was the only method open to him with the appliances he had, and with 
a party numerically so weak. Only a large party, well equipped, and 
with a leader experienced in climbing over broken ice, can hope to set 
out flags across Muir glacier. The members of the party of 1890 were 
unable to distinguish pinnacles from day to day. Even with the flags 
to help them they considered it unsafe to trust to a pinnacle in order to 
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determine the motion between the two central flags. The pinnacles 
themselves change in shape and appearance from day to day with con- 
siderable rapidity. Especially is this true during rains, which are often 
of several days duration. It is believed that they do not famish a reli- 
able basis of measurement. 

The writer holds that the sets of measurements made by professors 
Wright and Reid are completely discordant, and cannot be made any- 
thing else, and that all efforts to show that both may be correct are 
futile. Should there be any doubt as to which set comes nearest the 
truth, the final decision must rest with the party which shall measure 
the motion of Muir glacier for the third time. 
Clenaelafad, 0., Feb. 27, '93. H. P. CusinNO. 

Tbe Artesian and Underflow Investigation.— The book re- 
viewed (sic) at page 113 of this volume of the American Geologist^ 
is Part III, of Senate Executive Document No. 41, of the Ist Session of 
the 52d Congress, which contains the reports of the geologists of **The 
Artesian and Underflow Investigation,'' recently made under the 
direction of the Secretary of Agriculture, on the title page of which 
my name appears as Chief Geologist. There are in that part of the 
volume which is properly my own, mistakes of a kind that ordinarily 
make one gnash one's teeth with vexation on their discovery. The dis- 
covery of these came to me at a time when supreme calamity bad made 
me indifferent, and the annoyance is now that such errors (which any 
man competent to discover them could trace to their source and correct 
them), are made a stalking horse in the respectable pages of the Geolt- 
ooiST. It seems that the words Qaiu^n Blanco appear where Palo Duro 
should stand. I had no chance to make a list of errata. In a table of 
geologic formations, **Tertiary" does not appear to be included in 
"Cenozoic," nor "Trinity'' in **Cretaceous." The removal of a few of 
the words by the space of two or three ems would place the matter rights 
and any geologist can see it. I saw proof under very adverse circum- 
stances, but did not see the corrections inserted. On such errors the 
strongest criticisms of the reviewer are made. A misstatement is also 
made as to the relation of the Brazos river to the Mississippi. Two 
other rivers are similarly affected by the passage as it stands. The 
insertion of a single word in one of the sentences referred to would cor- 
rect the error. I can't prove the word was in the original copy, but any 
reasonable man with no bad motive would see that its absence was a 
mere slip. The writer of such a review of course never makes any slips; 
will he give, therefore, an honest reason why he substituted underground 
for underflow in quoting the title of the book he had in hand? 

I have said the Palo Duro canon is a thousand feet deep. This would- 
be critic says it is nine hundred. I used a good barometer, between half 
past nine and five o'clock, on a quiet day, and returned to the starting 
point, and the difference of the **out" and *'home'' trips was less than 
fifty feet. 

My critic says elsewhere: — **Opposite page 37 he gives Section XX, 
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showing a synclinal or trough in which are the outlines of an ideal ar- 
tesian basin, <&c." There is no Section XX in my report. There is Fig. 
XX, and opposite to it on page 37 there are given and numbered five 
conditions necessary to an artesian flow. The first of these is as fol- ■ 
lows: (l)'*The water bearing stratum must have a continuous dip in one 
direction, or it may have a synclinal, or double dip to form a trough or 
basin.'" After the five conditions my report goes on to say: ''These 
conditions are all shown in Fig. XX.'' The trough or basin is shown, 
but **t/i€ c(ynUnuou8 dip in one direction'^ is more emphatically shown, 
and the flow of water based upon it. The critic says: '*The regular dip 
from the northwest" is the condition of the Fort Worth- Waco area. 

There is really only one point in his review that savors of a criticism 
of the matter of the report. That is in reference to the geologic section 
of the Red river Canon. It may be the critic is right, and it may 
be, also, that in the sixteen months since the report was in preparation 
there has been some change in my own view about the much battered 
Jurassic, and that something now in the press will have a bearing on 
the subject. The matter was, as he admits, incidental! The subject of 
more than one paragraph in my report of which the Red river section is 
a small part, is the relation of a certain water bearing Tertiary forma- 
tion to the underlying formations of the plains, one point to be illustrat- 
ed being that from Nebraska to Texas these subjacent formations are 
older geologically as we proceed southerly. The illustration would not 
have been affected if instead of Jurassic I had written Permian, Devon- 
ian or Silurian. 

The animus of this reviewer is perplexing. 

Unfortunately, the edition of the report under notice is exhausted, 
and many persons will form their estimate of it from reviews. Instead, 
however, of a ^'review" showing the scope and character of the work 
and adding to the information conveyed, by Judicious correction or sug- 
gestion, this is rather a personal attack on the knowledge and capacity 
of one of the several authors. 

Junction Cityy Feb. 7, 1893. Robert Hay. 

Remarks on Ball's collection of Conrad's Works. Upon my return 
to Washington from a sojourn in Texas I find an article published in 
the Bulletin of the Philosophical Society of Washington, vol. xii. pp. 
215-240, entitled: Determination of the Dates of Publication of Conrad^ s 
**Fo88il8 of the Tertiary Formation and Medial Tertiary,'' by William 
Healey DalL {Read before the Philosophical Society , November 12, 1892,) 

In this paper the author has given much interesting information re- 
garding the respective claims of Conrad and Lea for priority in describ- 
ing the Eocene fossils at Claiborne, Ala. Moreover, the bibliographi- 
cal notes upon the two works referred to are far more exhaustive, and 
superior in every way to any heretofore published. A few slight errors, 
however, have crept into this part of the paper, and since this part has 
been a special study of mine during odd times for the past two or three 
years I feel at liberty to suggest the following corrections: 
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(1.) In the first place ''Fossils .of the Tertiary Formation'^ [»] is the 
wording found on the title page of the ''Medial Tertiary,''^ so that the two 
titles given by Dr. Dall refer to the same work. Conrad's publication 
issued In parts from 1832 to 1835 and including mostly Ek>cene species 
is entitled, Fossil Shells of the Tertiary Formations of North America, 

(2.) The color of the covers Is not the same for all parts of the first 
edition of "Fossil Shells'' &c. (p. 219, line 1.); for example the covers of 
Nos. 1 and 4 are of a light brownish yellow color and not bright yellow 
like those of No. 2. The kind of paper used, too, Is entirely different. 
Again the covers of the "reprint" of No. 3 (p. 224) are not grayish green, 
but deep blue. For this mistake my typewritten copy is at fault. Not 
having any deep blue paper at hand when this copy was bound, grayish 
green paper was substituted as a convenient reminder that th'e covers 
of this number were totally different from any of the original No's. 

(3.) The form of the preface to No. 1, referred to by Dr. Dall as 
having "been reprinted" (224,) is in fact the original one, while that 
classified by him as the original (p. 219) is the revised form. This is 
evident from the fact that good presswork demands that all great head- 
ings like PrefacCt Introduction, &c. shall occur on right-hand pages. So 
the Preface referred to evidently does in one of deGregorlo'scoples,and It 
certainly does In E. A. Smith's copy as well as in both copies at the 
Wagner Institute and in the one at the Philadelphia Academy of Natural 
Sciences. The preface in these copies begins on page v, and the dedi- 
cation to Morton is signed, "T. A. Conrad." In the form of the pre- 
face cited as the original (p. 219) it commences on page iv, i. e. the left 
hand page of the book and the dedication is signed **T. A. C.;" pp. v and 
VI have been rewritten and enough extra matter Inserted to necessitate 
intruding on page iv, otherwise the whole book must needs have been 
repaged. Again, in the original form of the preface {i. e. that beginning 
on p. V.) the following statement occurs: "The organic remains of the 
Ferruginous Sand formation have already been illustrated by Dr. Mor- 
ton, who is about to republish his essays, with much additional informa- 
tion and with splendid lithographic figures of shells and zoophytes." 
The republication referred to having appeared in 1834, it is evident that 
this preface could not have been written subsequent to 1835 (p. 224). 

(4.) In the "republication" of No. 3, PI. 15 is placed opposite page 37; PI. 
16, opposite page 41: PI. 17, opposite page 49; PI. 18, opposite page 55 
which contains the explanation of all four plates. Page 55 was therefore 
evidently not "misplaced by the printer" as has been supposed (p. 225). 

(5.) On page 228 occurs the following statement regarding the two 
forms of the Introductory part to the "republication" of No. 3. "This 
edition, being less obnoxious to criticism by the friends of Lea, is the 
one most commonly found in copies of the work." Of the copies we 
have, or could have had access to, seven have ^thls "obnoxious" edition 
(viz., Dall's, E. A. Smith's, Harvard library copy, Whitfield's, W. B. 
Clark's, T. H. Aldrich's, and one Wagner Institute copy,) while three 
only have the less **obnoxious" form (viz. Meek's, one Wagner Insti- 
tute copy and the Philadelphia Academy copy). 
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The study of the ^'Medial Tertiary'* is far less complex than that of 
the **F089il ShelW* &c., owing to the facts that copies of it are much com- 
moner, and the worlc seems never to have had but one edition in any of 
its parts except of course the covers. There are, to be sure, several un- 
settled points relating to this work, but, no one is more capable to deal 
with them than is Dr. Dall. 
Washingtony D. C. Feb. 25, 1893. Gilbert D. Harris. 

Geological Society of Washington. — A Geological Society has re- 
cently been organized in Washington, D. C, for the presentation and 
discussion of topics of interest to geologists. The constitution and 
standing rules were subscribed to by 109 founders at the first public 
meeting, March 8th, 1893. Its members are of two classes, active and 
corresponding. The annual dues of the first are $2.00, and of the sec- 
ond, f 1.00. Meetings will be held on the second, and generally also on 
the fourth Wednesday of each month, from October to May, inclusive. 

The journals and bulletins of the various societies appear to furnish 
sufficient opportunity for the publication of papers read before the soci- 
ety, so that for the present the society will not undertake to publfsh the 
papers presented. It will probably issue one bulletin each year contain- 
ing the address of the retiring president and such other matter as the 
council directs. 

All publications, and if desired, notices of the meetings also, will be 
sent to corresponding as well as active members. 

This circular letter, with the accompanying pamphlet containing the 
constitution, standing rules, lists of founders and officers of the society, 
is issued for the information of members and all other persons who are 
interested in the progress of geological science. 

Washiiigtony D. C, March 18, 1893. J. S. Diller, Secretary. 

The fauna of Tucumcari. — In an article in your March number, p. 
213, **Remarks on a part of the Review of the Third Texas Report," by 
Prof. Jules Marcou, I have been quoted as having said **the fauna 
(meaning that of the Tucumcari region) is an upper Jurassic fauna." 
This quotation is correct, but as stated by professor Marcou, it was a 
verbal opinion given in 1889. I do not see why this should be consid- 
ered of any value, but since it has been twice quoted and is evidently 
being used in this controversy, it is only proper to state that I do not at 
present consider myself qualified to give any opinion upon this question. 
Professor Hill showed me at Ithaca, in the summer of 1891, his superb 
series of fossils collected in Texas some years before, and demonstrated 
to my satisfaction that it would be essential for me to study his local- 
ities in the field or his collection, and perhaps both of these sources 
of information, before publishing anything about Tucumcari. I have 
at present absolutely no opinion about the age of the rocks of this re- 
gion, the evidence on either side being very conflicting and my informa- 
tion at present far too limited. 

Boston, March 16, 1893. Alpheus Hyatt. 
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PEESONAL AND SCIENTIFIC NEWS. 



The Hayden Memorial Medal has been awarded by the com- 
mittee of the Academy of Natural Sciences, of Philadelphia, to 
professor Edward Suess, of Vienna. 

Diamonds IN meteoric stones. H.Moissan in the **Compte8 
Rendus" for 1893, pages 116 and 288, gives the result of his in- 
vestigation as to the nature of the Canyon Diablo, Arizona, 
meteorite. He found in it a transparent diamond, black diamond, 
brown coal, and graphite. In the same periodical, 1893, pages 
116 and 288, he mentions the existence of graphite, black dia- 
mond and microscopic transparent diamonds in the **blue-clay" 
of the South African diamond mines, which, he says, contains 
more than 24 species of minerals. These results are of great in- 
terest, especially when taken in connection with the discovery, by 
W. Luzi and A. Sauer, of graphitoid in certain quartzite slates 
and phyllytes of the Taxon Erzgebirge. These gentlemen found, 
near Wiesenthal, an amorphous substance which contained 99. 02 
per cent, of carbon, and 0. 54 per cent, of hydrogen, but no nitro- 
gen. It resembles the mineral schungite, which was discovered 
in 1884 in phyllyte from the Olonetz government, Russia, and con- 
tains some nitrogen. The Canyon Diablo meteorite has also been 
examined by C. Friedel (**Comptes Rendus," 1893, pages 116 
and 290), who found that the microscopic transparent diamonds 
became visible after removing the black diamonds, or carbonado, 
with methylene iodide. He found also that between the Ia3'er8 of 
the nickel-iron and accompanied by lamellae of schreibersite there 
were thickish leaves of a lustrous, silver-white substance which 
proved to be a subsulphide of iron, with 10.2 per cent, sulphur 
and 88.3 per cent, iron, corresponding, therefore, to formula 
Fe5S. Imbedded in this substance were little knots of yellow 
troilite, and the mixture of ordinary coal, graphite and diamond 
seemed to be concentrated near the troilite. The little knots of 
troilite were surrounded by a thin la:yer of the lustrous subsul- 
phide of iron. 

Reprint op Conrad's Tertiary Fossils. Mr. Gilbert D. 
Harris, of the Smithsonian Institute, is projecting a reproduction 
of the Eocene or earlier volume of Conrad's **Tertiary Fossils." 
The Wagner Free Institute, of Philadelphia, will reprint the 
Miocene volume, with its engravings and pl^ites, with some new 
matter, if 150 copies arc subscribed for in advance at $3.50 per 
copy. Mr. Harris' reproduction will consist of Nos. 1,2,3 and 4 of 
the original edition of 1832-33, and the so-called reprint of No. 3, 
1835, the various changes being given in full. Mr. Harris will 
proceed with this when 100 subscriptions have been received at 
$3. 00 each. 
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IxTER<JLACiAL PEAT IN WISCONSIN. According to Mr. B.W. 
Thomas, of Chicago, there is a bed of interglacial peat in the bluffs 
of Fox river, about one-half mile from the water and forty f(»<»t 
alx)ve it, which, on examination, is found to contain fresh water 
and some marine diatoms. The bed is about four feet thick, 
with an area of at least four acres. It rests on boulder clay which 
lieson the St. Peter .sandstone, and isoverlain by fifteen or twenty feet 
of the same material, the latter carrying numerous large lK)ulders, 
some of which are said to show glacial markings. Mr. Thomas 
says this peat conttiins several species not found in that recently 
examined from Minnesota [see 20th Minnesota report] , and also 
lacks some found in Minnesota peat. 

TiiK Illinois Weslevan ITniversitv, at Bloomington, Illinois, 
hiis lately received by bequest from the late George W. Lichten- 
thaler, a very large coiu^hological collection. It includes also 
many fossils and minerals, as well as living species of corals, star- 
fishes and other marine species. It was gathered during twent}' 
years, and nearly all parU of the world are repn»sented. It will 
certiiinlv constitute an attraction for scientists who wish to studv 
any of these forms. It has from twenty-five to fifty thousand 
specimens, largely named by the best authorities. 

The first okficrrs of the new (jrolo<ji<"al Society of 
Washinoton were elected Feb. 25, as follows: IWsnUtif, C. I). 
Wolcott; Vicf Presidettts, S. F. Emmons and W. H.Holmes: 
Treasurer, Arnold Hague: tSWretfirns. Whitman Cross and J. S. 
Diller: ConnciL G. F. Becker. T M. Chatard. 0. H. Eldridge, <J. 
K. Gill)ert and G. P. Merrill. In the list of the names of the 
•'founders" the followinii: are resident outside the District of Co- 
lumbia: T. C. Chamberlin. l\. D. Snlisbnrv and J. P. Iddintjs, all 
of the Universitv of Chiciiojo: Ellen H:ives, Wclleslev. Mass., and 
0. R. Van Ilise. Universitv of Wisconsin. 

A 'MMRCILAR OF INFORMATION" HAS HKEN AIHmKSSKh l»V Piofs. 

Le Cont4» and Lawson, of the Tnivei-sity of California, represent- 
ing a larger * 'joint committee" of the people of that stjite recom- 
mending the pro|M)sition to institute a topogra})hic}il survey of 
that sUiU*. The survev, if undertaken, is to be on the scale of one 
inch to one mile, or might vary with conditions, and the sheets, 
for the vallev and foot-hill areas of the state, would number IjO 
or 200. The following specifications were agreed to by the joint 
committee and the director of the V. S. Geological Survey, and 
on this basis a pro|x>sed law will be brought before i\w next leg- 
islature. 

1. That, the msip bo a eoniplete contour topographica] map, based 
upon trianpulation and leveling, and constructed by plane-table survey, 
showing, in addition to the natural features. (1) all existing monuments 
of township and land grant corners: (2)all railways, canalsand public dis- 
tributing ditchrs: ('A) all public roads, and all otlirr roads in unrestricted 
us»^, and therefor<? virtually public: i4) all county boundaries; ("i) all 
cities, towns, villaixes, hanil«'ts. promini*nt mines, and oth«*r important 
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places, with indication of tlieir buildings, together with all isolated 
dwellings and public buildings outside of town limits. 

3. That in each township at least one permanent bench mark bo 
made, with record of the precise altitude above mean sea-level. 

3. That all contours be on a scheme involving intervals of five feet, 
or multiples of five feet, according to the slope of the ground, and that 
the contour interval be uniformly five feet wherever the slope of the 
ground is less than fifteen feet to a mile, in wiiich case the contours 
shall be traced out by actual leveling. 

4. That all navigable streams and important water courses be located 
by continuous survey of their banks. 

5. That salt marsh land, and fresh water swamp land, and overflow 
land be distinguished by distinct conventions, and that the boundaries 
to be indicated be those of the natural limits, not the legal segrega- 
tion limits. 

0. That there be at least three triangulation points to each plane- 
table sheet. 

7. That the field scale be not less than one and one-third inches to a 
mile, or three-quarters of a mile to an inch. 

8. That the publication scale be one inch to one mile 

0. That the size of the atlas sheet be that of a quarter-degree square, 
limited by the even fifteen minute lines of latitude and longitude. 

10. That the U. S. Coast and Geodetic Survey be requesUid to contrib- 
ute as many triangulatioti points as possible. 

11. That the headquarters for the survey \m\ in California. 

13. That the work be done by the T. S. Geological Survey, under 
supervision of a commission of five persons representing the State of 
California, of whom four shall be appointed by the governor, one to be 
a representative of tlie agricultural interests of the State, one a repre- 
sentative of the mining iiiterests, one on nomination of the Stale Uni- 
versity, and one on nomination of the Leland Stanford Jr. University; 
and of whom the fifth coinnilssioner shall be chosen by the others so ap- 
pointed. 

13. That the expense of the survey be divided equally between the 
State and Federal authorities. 

14. That the U. S. Geological Survey engrave the copper-plates for 
all the map sheets, wholly at its own exp<Mise. and thatitown the plates, 
and that the State of California have the right of taking electrotype 
transfers from each and all of such plates, for its own use. 

The preparation of such a map would necessarily ho a work of 
years. Each atlas sheet averagino: in cost al)ont $8.0(»0, corre- 
sponding in area to about six and one-half townships, wonld liow- 
(*ver. in itself he a complete map. ind(»pendently surveyed, en- 
graved and published. Interruption or t<»rmi nation of the work 
at anv stajje. therefore, wonld not affect the value of what had 
already been accomplished. 
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A NEW TREE FROM THE CARBONIFEROUS ROCKS 

OF MONROE COUNTY, OHIO. 

By H Herzbr, Berea, O. 
Platk VI. 

In the higher Carboniferous rocks of Ohio a peculiar species of 
tree has been found, especially stumps of that species of con- 
siderable size, varying from one to two feet and more in diameter 
and from three to four feet at base, with a hight from two to 
three feet, and showing no characteristic mark to determine its 
species. It is nothing but an arenaceous mass with somewhat 
longitudinally fluted surface, betraying vegetable character. Two 
or three such stumps are in the college collection at Marietta, 
O. Two years ago I found one in a sandstone quarry 400 feet 
above the Ohio river, at Baresvillc, Monroe Co., 0., in upright 
position, from where I had it removed to the campus of the Ger- 
man Wallace college, Berea, 0. 

It 8eeme<l remarkable to me that not a single trace of silicifi- 
cation could be observed to show any structure whatever. Be- 
ing on a constant lookout for some silicified mass which I thought 
must occur in sandstone, I was overjoyed last summer in finding 

in the bed of a run, among worn lime and sandrocks, a partly 
worn but silicified stump of a tree, being in form and external 

markings the same as those found hefti^forc of purely arenaceous 

mass. I was surprised at the good preservation of its structure, 
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which is indeed of coarsest texture. One- third of the stump had 
been rotted out with its pithy center before petrification took 
place. The same must have been the case with some fascicles of 
cells leaving tubular holes through the length of its growth, some 
being f inch in diameter. A still better find was a section of a 
trunk eight inches long and ten inches thick, from wbich the 
perfect characteristics of the tree can be ascertained. From the^ 
latter the description and illustration are taken. 

ENDOGEN. 
Genus: Winchellina, (n. gen.). 

Winchellina fascina. (n. sp.) 

Among the flora of endogens our new genus stands isolated. If 
no interior arrangement could be ascertained, the exterior only 
would let us surmise a palm or fern in this form. But the ex- 
cellent preservation of this plant showing so minutely its inner 
organization makes it an object of high interest in our fossil flora, 
as well as in the botanical world. I have named it Winchellina 
as a token of kind remembrance of the late Dr. Alex. Winchell 
of Ann Arbor. While we have in numerous plants well de- 
yeloped cell-bundles so arranged as to cause a harmonious 
cellular promotion and necessarily interwoven with the whole 
organism, we observe in our plant an arrangement, as it were, of 
independent growth of fascicles. Each of them being encased 
by a very thick periderm, exhibits a peculiar inner tissue of ob- 
long sub-quadrate cells with thick walls, simulating a trans- 
verse section of Carboniferous fossil pine. The whole tree is 
composed of such fascicles which are f inch mean diameter, the 
outer ones crowding each other in contorted and polygonal forms 
and causing the longitudinally ribbed exterior. Toward the more 
inner portion the fascicles become more circular, parenchymous 
tissue filling the space. The third zone is crowded again with 
small oval fascicles enclosing tightly the parenchymous center 2\ 
inches in diameter, the structure of which can be seen in small 
perfectly circular cells. 

It is likely that thiswas a most stately tree and that each fasci- 
cle shot out an independent branch crowning the tree with a bun- 
dle of diverging long, linear, reed-like branches. 
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ALASKA. 

By John Muir, Martinez, Cal. 

The trip tx) Alaska from Tacoma through Paget sound and the 
thousand islands of the Alexander archipelago is perfectly en- 
chanting. Apart from scientific interests, no other excursion that 
T know of ma}' be made into the wilds of America in which so 
much fine and grand and novel scenery is unfolded to view. Gaz- 
ing from the deck of the steamer one is borne smoothly on over 
the calm blue waters through the midst of a multitude of lovely 
islands clothed with evergreens. The ordinary discomforts of a sea 
voyage, so formidable to some travelers, are not felt; for the way lies 
through a network of sheltered island channels that are about as 
free from the heaving waves that cause seasickness as rivers are. 

Never before the year 1879, when I made m}' first trip to Alaska, 
had I been amid scenery so hopelessly beyond description. It is 
a web of land and water thirty or forty miles wide, and about a 
thousand miles long, outspread like em broider}"^ along the margin . 
of the continent, made up of an infinite multitude of features, and 
all so fine and ethereal in tone the best words seem coarse and un- 
availing. Tracing the shining levels through sound and strait, 
past forests and waterfalls, between a constant succession of fair 
azure headlands, it seems as if surely at last 3^ou must reach the 
best paradise of the poets — the land of the blessed. 

Some of the channels through which you glide are extremely 
narrow as compared with the hight of the walls that shut them in. 
But, however sheer the walls, they are everywhere forested to the 
water's edge. And almost every individual tree may be seen as 
they rise above one another — the blue-green, sharply spired, Men- 
zies spruce; the warm yellow-green Merten spruce, with finger-like 
tops all pointing in one direction, or gracefully drooping; and the 
airy, feathery, brownish-green Alaska cedar. In such reaches 
you seem to be tracing some majestic river. The tide currents, 
the fresh driftwood brought down by avalanches, the infiowing 
streams, and the luxuriant over-hanging foliage of the shores, 
making the likeness all the more complete. 

But the view changes with magical rapidity. Rounding some 
bossy cape the steamer turns into a passage hitherto unseen, and 
glides through into a wide expanse filled with smaller islands 
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sprinkled wide apart, or clustered in groups such as only Nature 
could invent Some are so small and low the trees covering them 
seem like mere handtuls that have been culled from the larger 
islands and set in the water to keep them fresh, the outer fringing 
trees around the sides oftentimes spreading like flowers leaning 
out against the rim of a vase. Thus thoughtfully beautiful are 
these blessed islands; and their beauty is the beauty of youth. 
For though the softness of their verdure must be ascribed to the 
copious and warm moisture in which they are bathed, from the 
mild ocean-current that comes from Japan, the Japan current that 
bathes these shores is itself young, while the very existence of the 
islands, their main features, finish and peculiar distribution, are 
direct!}' referable to the structure of the rocks, and the action of 
ice upon them during the glacial period, now drawing to a close. 

The first stop made b}^ the Alaska steamers after touching at 
Seattle, Port Townsend, Victoria and Nanaimo, is usually at Fort 
Wrangel, the distance between the last two places being about 600 
miles. Wrangel is a boggy place, but is favorably situated as a 
center for excursions to some of the most interesting portions of 
the country. Indians may be seen on the platforms of the half 
dozen stores, chiefly grim women and cubby, chubby children with 
wild eyes. Most of them have curiosities to sell when a steamer 
arrives, or a basketful of berries, red, yellow and blue, which look 
wondrous clean as compared with the people. They are a proud 
and intelligent race, nevertheless, and maintain an air of self-re- 
spect that no amount of frazzled raggedness and squalor can 
wholly subdue. Many canoes may be seen along the shores, all 
fashioned alike, with long beak-like stems and prows. What the 
mustang is to the Vacqnero the canoe is to the Indian of the 
Alaska coast. Yonder 3'ou see a whole family, grandparents and 
all, making a direct course for some islands five or six miles away. 
They are going to gather berries, as the baskets show. Nowhere 
in my travels north or south have I ever seen so many bernes. The 
woods and meadows are full of them — huckleberries of many species, 
salmonberries, blackberries, currants and gooseberries with straw- 
berries and sfrviceberries in the drier grounds, and cranberries in the 
bogs, sufficient for every worm, bird, beast and human being in the 
territory, and thousands of tons to spare. The Indians beat them 
into pulp, press the pulp into cakes about an inch thick, and dry 
them for winter use with their oily salmon. So fruitful is Alaska. 
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The coast (climate is remarkably bland and temperate. It is 
rainy, however, but the rain is good of its kind; mild in tempera- 
ture, gentle in its fall, filling the fountains of the streams, and 
keeping the whole land fresh and fertile. While anything more 
delightful than the shining weather after the rain — the great round 
sun-days of June, July and August, can hardly^ be found elsewhere. 
Strange as it may appear, many who are looking to Italy for health 
had better turn their eyes to Alaska. An Alaska mid-summer day 
is a day without night In the extreme northern portion of the 
territory the sun does not set for weeks, and even as far south as 
Sitka and Wrangel the ros}' colors of evening blend with those of 
the morning, leaving no darkness between. Nevertheless the full 
day opens slowly. A low arc of colored light steals round to the 
northeastward with gradual increase of hight and span, the red 
clouds with yellow dissolving edges subside into haz}' dimness, 
the islands with ruffs of mist about them cast ill-defined shadows 
and the whole firmanent changes to pale pearl-gray. 

As the day advances toward high noon, the sun flood pouring 
through the damp atmosphere lights the waters and sky to glow- 
ing silver. Brightly now play the ripples about the edges of the 
islands, and over plume-shaped streaks between them where the 
water is stirred by some passing breeze. On the mountains of the 
main-land and in the high walled fiords and canons still brighter is 
the work of the sunshine. The broad white bosoms of the glaciers 
glow like molten silver, and their crystal fronts and multitude of 
icebergs are kindled to a blaze of irised light. 

You are warmed and awakened into sympathy with all the 
world. Through the midst of the brooding silence the life and 
motion about you comes to mind — the weariless tides swaying the 
dulse over thousands of miles of sea-meadows, the foaming rivers, 
the swift floods of light through the satiny sky, the marvelous 
abundance of fishes, the wild sheep and goats on a thousand grassy 
ridges above the forests, bears feasting in the berry tangles, the 
beaver and mink and otter far back on many a rushing stream, 
Indians and adventurers pursuing their lonely ways, the leaves of 
the forests feasting on the sunbeams, and the glaciers in glorious 
array fashioning the mountains, extending the domain of the sea, 
tracing valleys for rivers to flow in, and grinding the rocks to soil 
for fertile fields for the use of life to come. 

Through the afternoon the day grows in beauty. The air seems 
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to thicken without losing its fineness, and everything settles into 
deeper repose. Then comes the sunset with its purple and gold, 
blending earth and sky — everything in the landscape in one in- 
separable scene of enchantment. 

During the winter snow falls on the fountains of the glaciers 
in astonishing abundance, but lightly on the lowlands of the coast; 
and the temperature is seldom far below the freezing point. Back 
in the interior beyond the mountains the winter months are in- 
tensely cold, but fur and feathers and fuel abound there. 

The bulk of the woods is made up of two species of spruce and 
a cypress. The most valuable of these as to timber is the yellow 
cedar, or cypress; a fine tree, 100 to 150 feet high. The wood 
is pale yellow, durable, and delightfully fragrant. The Menzies 
spruce, or *' Sitka pine," is larger and far more abundant than 
the first. Perhaps half of the forest trees of southeastern Alaska 
are of this species. The graceful Merten spruce or hemlock is 
also very abundant. Alaska has but few pines. The hard woods 
are birch, maple, alder and wild apple, forming altogether a 
scarcely appreciable portion of the forests. In the region drained 
by the Yukon the principal tree is the white spruce. I saw it 
growing bravely on the banks of rivers that flow into Kotzebue 
sound, forming there the extreme edge of the Arctic forests. 

The underbrush is mostly huckleberry, dogwood, willow, alder, 
salmonberry vines, and a strange-looking woody plant, about six 
or eight feet high, with limber rope-like stems, and heads of 
broad leaves like the crowns of palms. Both the stems and 
leaves are armed with barbed spines. This is the Echinopanax 
horrida, or devil's club ; and it well deserves both its names. 
It is used by the Indians as an instrument of torture, especially 
in the work of correcting witches. 

The ground is covered with a thick felt of mosses, about as 
clean and beautiful as the sky. On this yellow carpet no dust 
ever settles, and in walking over it you make no mark nor sound. 
It clothes the raw earth, logs, rocks and ice warmly and kindly, 
stretching untorn to the shores of the Arctic ocean. 

The whole country is shining with perennial streams, but 
none of them, from the mighty Yukon, 2,000 miles long, to the 
shortest torrent rushing from the coast glaciers, has been fully 
explored. The Stikccn, one of the best known rivers of the 
territory, is about 350 miles long, and draws its sources from 
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the northern part of the broad Rocky Mountain plateau, in com- 
pany with some of the affluents of the Mackenzie and Yukon. It 
flows first in a westerly direction, then curving southward enters 
the Coast range, and sweeps across it in a canon that is about a 
hundred miles long, and like Yosemite valley from end to end. 
To the appreciative tourist sailing up the river the canon is a 
gallery crowded with sublime and beautiful pictures, an unbroken 
series of ice-capped mountains, cliffs, waterfalls, lovely gardens, 
groves, meadows, etc. ; while the glaciers pushing forward 
through the trees vastly enhance its wildness and glory. 

Another interesting excursion may be made from Wrangel to 
the deserted village of the Stikeens. The moss-grown ruins are 
picturesque, and surprisingly massive and substantial considered 
as the work of Indians. Some of the wall planks are two and 
three feet wide, six inches thick, and forty feet long; while the 
carved timbers that support the ridge poles, and the strange 
totem poles, display marvelous specimens of savage art. A few 
good specimens may also be seen at Wrangel. Similar monu- 
ments are made by all the tribes of the archipelago. Those of 
the Haidahs surpass all others in size and workmanship. 

While the Cassiar gold mines were being developed, Wrangel 
was the most important town' in the territory, but Juneau is now 
the chief mining center. Nearly all the gold of Alaska is still rn 
the ground. Probably not one of a thousand of its veins and 
placers has been yet touched. The color of gold may be found 
in almost every stream, and hardy prospectors are seeking their 
fortunes in every direction. Many have already made their way 
into the vast region drained by the Yukon, and the developments 
thus. far show that this northern portion of the gold belt of the 
continent is at least moderately rich, and mining may safely be 
regarded as one of the chief resources of the territory. 

From Wrangel the steamer goes up the coast to the Taku 
glacier and Juneau. After passing through the picturesque 
Wrangel narrows you may notice a few icebergs, the first to be 
seen on the trip. They come from a large glacier at the head of 
a wild fiord near the mouth of the Stikeen. When I explored it 
eleven years ago I found difficulty in forcing a way up the front 
through ten or twelve miles of icebergs. My Indians told me 
they called this fiord '^Hulti," or Thunder bay, from the noise 
made by the discharge of the ice. This, as far as I know, is the 
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Bouthmost of the great glaciers of the first class that flow into 
tide water. 

Gliding northward your attention will be turned to the moun- 
tains of the Coast range, now for the first time near and in full 
view. The icy canons open before you as you pass in regular 
order showing their wealth. Now a lK)ld headland will hold the 
eye, or some mountain of surpassing beauty of sculpture, or one 
of the larger glaciers seen directly in front, its gigantic arms and 
fingers clasping an entire group of peaks, and its broad, white 
trunk sweeping down through the woods, its crystal current 
breaking here and there in shattered cascades, with azure light 
in the crevasses, making you deplore your inability to stop and 
enjoy it all in cordial nearness. It was from one of these glaciers 
to the south of cape Fanshaw that the Alaska Ice company 
loaded their ships for California and the Sandwich islands. 

In a few hours you come in sight of more icebergs. They are 
derived from four large glaciers that discharge into the heads of 
the long arms of Holkam bay, or Sum Dum. Never shall I for- 
get the wild adventurous days spent there in the summers of 1879 
and 1880. 

At the mouth of the Taku inlet you encounter another fleet of 
drifting icebergs from the grand Taku glacier, twenty miles dis- 
tant. 

On one of my early exploring trips I stopped at an Indian 
village here and found it deserted. Not a single person was left 
on guard. For these people are so rich they have little to lose. 
My Indians said that the inhabitants were away catching and 
drying salmon. All the Indian villages are thus abandoned at 
regular periods every summer, while everybody goes to fishing, 
berrying and hunting-stations, occupying each in succession for 
a few weeks. Then after the summer's work is done, the winter 
supply of salmon dried and packed, fish and seal oil stored in 
boxes, berries and spruce bark beaten and pressed, their hunts 
after wild goats, sheep and bears, brought to a close, their 
trading-trips made, and the years stock of quarrels with the 
neighboring tribes settled, then, all at home in their big block- 
houses, they give themselves to pleasure, feasting, dancing, 
visiting, speech-making, drinking, etc. 

The Taku inlet contains many glaciers, one of which belongs 
to the first-class. It makes a grand display of itself as it comes 
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down from its lofty fountains into the head of the fiord and sends 
off its bergs. To see this one glacier is well worth a trip to Alaska. 
At the time of my first visit, while I sat in my canoe, among the 
ice, sketching and watching the birth of the bergs as they plunged 
from the glorious crystal wall, two Indians, father and son, came 
paddling alongside, and with a good natured '*Saghaya" in- 
quired who we were and what we were looking for in such a place, 
etc. , while they in turn gave information about the river, their 
village and the glaciers up the main Taku canon. They were 
hunting seals, and as the}' shot away crouching in their tiny shell 
of a canoe, with barbed spear in place among the great blue over- 
hanging bergs, they formed a picture of arctic wildness as telling 
as may be found amid the drifts and floes of Greenland. 

After leaving Juneau, where, it is claimed, you may see **the 
largest quartz mill in the world," the steamer passes between 
Douglas and Admiralt}^ islands into Lj'nn canal, the most sub- 
limely beautiful and spacious of all the mountain-walled channels 
you have yet seen. The Auk and Eagle glaciers are displayed 
on the right as you enter the canal, coming with grand effect from 
their far-reaching fountains and down though the forests. But 
it is on the west side of the canal near the head that the most 
striking feature of the landscape is seen — the Davidson glacier. 
It first appears as an immense ridge of ice thrust forward into the 
channel, but when you have gained a position directly in front, it 
is shown as a broad flood issuing from a noble granite gateway, 
and spreading out to right and left in a beatiful fan-shaped mass, 
three or four miles in width, the front of which is separated from 
the water by its terminal moraine. This is one of the most nota- 
ble of the large glaciers that are in the first stage of decadence, 
reaching nearly to tide water, but failing to enter it and send off 
icebergs. Excepting the Taku , all the great glaciers you have 
yet seen belong to this class. 

Shortly after passing the Davidson the northmost point of the 
trip is reached, and at the canning establishments near the mouth 
of the Chilcat river you may learn something about salmon. 
Whatever may be said of other resources of the territory — tim- 
ber, furs, minerals, etc. — it is hardly possible to exaggerate the 
importance of the fisheries. Besides cod, herring, halibut and 
other fishes that swarm over immense areas, there are probably 
more than a thousand salmon streams in Alaska, in some of 
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which at certain seasons there is more fish than water. Once I 
saw one of my men wade into the midst of a crowded run and 
amuse himself by picking up the salmon and throwing them over 
his head. On rocky shallows thousands could thus be taken by 
hand in an hour or two. 

The steamer now goes down the, canal, through Icy strait, and 
into the wonderful Glacier bay. All the voyage thus far from 
Wrangel has been icy, and you have seen hundreds of glaciers 
great and small. But this bay and the region about it and be- 
yond it towards mount St. Klias is pre-eminently the Iceland of 
Alaska and the entire Pacific coast. 

Glancing for a moment at the results of a general exploration 
we find that there are between sixty and seventy small residual 
glaciers in the California sierra. Through Oregon and Washing- 
ton, glaciers, some of them of considerable size, still exist on the 
highest volcanic cones of the Cascade mountains — the Three 
Sisters, mounts Jefferson, Hood, St. Helens, Adams, Tacoma, 
Baker, and others, though none of them approach the sea. 
Through British Columbia and southeastern Alaska the broad 
sustained chain of mountains extending along the coast is gener- 
ally glacier-bearing. The upper branches of nearly every cafion 
are occupied by glaciers, which gradually increase in size to the 
northward until the lofty region between Glacier ba}' and mount 
St. Elias is reached. In Prince William sound and Cook's inlet 
many grand glaciers are found, but farther to the westward, along 
the Alaska peninsula and the chain of the Aleutian islands, 
though a considerable number of glaciers occur on the highest 
peaks, they are quite small and melt far above sea- level, while to 
the north of latitude 02°, few, if any, remain in existence; the 
ground being comparatively low, and the snowfall light. 

The largest of the glaciers that discharge into Glacier bay is 
the Muir, and being also the most accessible is the one to which 
tourists are taken and allowed to go ashore and climb about its 
ice cliffs and watch the huge blue bergs as with tremendous 
thundering roar and surge the}' emerge and plunge from the ma- 
jestic vertical ice-wall in which the glacier terminates. 

The front of the glacier is about three miles wide, but the 
central berg-producing portion, that stretches across from side to 
side of the inlet like a huge jagged barrier, is only about half as 
wide. The hight of the ice- wall above the water is from 250 to 
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300*feet; but soundings made by captain Carroll show tbat about 
720 feet of the wall is below the surface, while still a third por- 
tion is buried beneath moraine material. Therefore, were the 
water and rocky detritus cleared away, a sheer wall of blue ice 
would be presented a mile and a half long and more than a 
thousand feet high. 

The number of bergs given off varies somewhat with the tides 
and weather. For twelve consecutive hours I counted the num. 
ber discharged that were large enough to be heard like thunder at 
a distance of a mile or two, and found the rate to be one in five 
or six minutes. When one of the fissured masses falls there is 
first a heavy, plunging crash, then a deep, deliberate, long-drawn- 
out thundering roar, followed by clashing, grating sounds from 
the agitated bergs set in motion by the new arrival, and the swash 
of waves along the beach. All the very large bergs rise from 
the bottom with a still grander commotion, heaving aloft in the- 
air nearly to the top of the wall, with tons of water pouring down 
their sides, heaving and plunging again and again ere they settle 
and sail away as blue crystal islands ; free at last, after being 
held rigid as part of the slow-crawling glacier for centuries. And 
strange it seems, that ice formed from snow on the mountains two 
iand three hundred years ago, should after all its toil and travel 
in grinding down and fashioning the face of the landscape still 
remain so lovely in color and so pure. 

The rate of motion of the glacier as determined last summer by 
Prof. Reid is, near the front, about from five to ten feet per day. 
This one glacier is made up of about 200 tributary glaciers, 
which drain an area of about a thousand square miles, and con 
tains more ice than all the eleven hundred glaciers of the Alps 
combined. The distance from the front back to the head of the 
farthest tributary' is about fifty miles, and the width of the trunk 
below the confluence of the main tributaries is twenty miles or 
more. 

I made my first visit to Glacier bay toward the end of October, 
1879. Winter weather had set in ; young ice was forming in the 
sheltered inlets, and the mountains had received a fresh covering 
of snow. It was then unexplored and unknown except to 
Indians. Vancouver, who surveyed the coast nearly a hundred 
years ago, missed it altogether, on account, 1 suppose, of bad 
weather and a jam of ice across its mouth. 
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I had spent the best part of the season exploring the canon 
of the Stikeen river, and a little of the interior region on the di- 
vide of some of the southerly tributaries of the Yukon and 
Mackenzie. It was getting rather late for new undertakings when 
I returned to Wrangel, but eagerness to see some of the glaciers 
to the northward, however imperfectly, drove me on. Assisted 
by Mr. Young, the enthusiastic Alaska missionary, I succeeded 
in procuring a canoe and a crew of four Indians — Toyette, Kade- 
chan, Stikeen John, and Sitka Charley. Mr. Young who was anx- 
ious to learn something of the numbers and condition of the In- 
dian tribes that might be seen on the way, agreed to go with me. 
Hastily gathering the necessary supplies, we set forth October 
14th. While we were on the west shore of Admiralty island, in- 
tending to make a direct course up Lynn canal, we learned that 
the Chilcat Indians were drinking and fighting, and that it would 
be unsafe to go among them until their quarrels were settled. I 
decided therefore to turn westward through ley strait and go in 
search of Sitka Charley's wonderful **ice mountains." Charley, 
who was the youngest of my crew, having noticed my interest in 
glaciers, told me that when he was a boy he had gone with his 
father to hunt seals in a large bay full of ice, and he thought that 
he could find it. 

On the 24th, as we approached an island in the middle of Icy 
strait, Charlie said that we must procure a supply of wood there 
to carry with us, because beyond this the country was bare of 
trees. Hitherto we had picked our way by Vancouver's chart, 
but now it failed us. Guided by Charlie, who alone knew any- 
thing of the region, we arrived late in what is now called ** Bart- 
lett bay," near the mouth of Glacier bay, where we made a cold 
camp in rain and snow and darkness. At daylight on the 25th 
we noticed a smoke, where we found a party of Hoonah seal-hunt- 
ers huddled together in a small bark hut. Here Sitka Charlie 
seemed lost. He declared the place had changed so much he 
hardly recognized it, but I succeeded in hiring one of the hunters 
to go on with us up the main Glacier bay, or * ' Sita-da-ka, " as the 
Indians called it. The weather was stormy, cold rain fell fast, 
and low, dull clouds muffled the mountains, making the strange, 
treeless land all the more dreary and forbidding. About noon 
we passed the first of the low descending glaciers on the west 
side, and found a landing-place a few miles beyond it. While 
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cump was being made I strolled along the shore, eagerly examin- 
ing the fossil wood with which it was strewn, and watching for 
glimpses of the glaciers beneath the watery clouds. Next day 
the storm continued, a wild southeaster was howling over the icy 
wilderness, and everybody wished to remain in camp. Therefore 
I set out alone to see what I might learn. Pushing on through 
mud and sludgy snow I gained at length a commanding outlook 
on a bald promontory, about 1,500 feet high. All the land- 
scape was smothered in busy clouds, and I began to fear that 
I bad climbed in vain, when at last the clouds lifted a little, and 
the ice-filled expanse of the bay, and the feet of the mountains 
that stand about it, and the imposing fronts of five of the great 
glaciers, were displayed. This was my first general view of 
Glacier bay — a stern solitude of ice and snow and raw, newborn 
rocks, dim, drear}", mysterious 

I held my high ground, gained at such cost, for an hour or 
two, sheltering myself as best I could from the blast, while with 
benumbed fingers I sketched what 1 could see of the stormy land- 
scape, and wrote a few lines in my notebook. Then I beat my 
way back to camp over the snow-smothered ridges and bowlder 
piles and mud beds, arri>'ing about dark. 

Mr. Young told me that the Indians were discouraged and 
would like to turn back. They feared that I had fallen, or would 
fall, or in some way the expedition would come to grief in case I 
persisted in going farther. They had been asking him what pos- 
sible motive I could have in climbing mountains in such miserable 
weather; and when he replied that I was seeking knowledge, 
Toyette remarked that Muir must be a witch to seek knowledge 
in such a place. 

After coffee and hard- tack, while we crouched in the rain 
around a dull fire of fossil wood, the Indians again talked dole- 
fully, in tones that accorded well with the growling torrents 
about us and the wind among the rocks and bergs; telling sad 
stories of crushed canoes, hunters lost in snowstorms, etc. 
Toyette said that he seemed to be sailing his canoe into a 
**8kookum house" (jail) from which there was no escape, while 
the Hoonah guide said bluntly that if I was going near the noses 
of the ice- mountains he would not go with me, for we would all 
be lost by bergs rising from the bottom, as many of his tribe had 
been. They seemed to be sinking deeper into dismal dumps 
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with every howl of the storm, when I reminded them that storms 
did not last forever; the sun would shine again; that with me 
they need fear nothing, because good luck followed me always,, 
though for many years 1 had wandered in higher mountains than 
these, and in far wilder storms ; that Heaven cared for us and 
guided us all more than we knew, etc. This small speech did 
good. With smiling reassurance Kadechan said that he liked to 
travel with fearless people; and dignified Toyette declared he 
would venture on, for my **wa-wa was delait" (my talk was very 
good). 

We urged our way against ice and weather to the extreme head 
of the bay and around it, going up one side and down the other 
and succeeded in reaching all the main glaciers excepting those 
at the head of frozen inlets. 

Next to the Muir, the largest of the glaciers enters the bay at 
its extreme northwestern extension. Its broad, majestic current, 
fed by unnumbered tributaries, is divided at the front by an 
island, and from its long, blue wall the icebergs plunge and roar 
in one eternal storm, sounding on day and night, winter and 
summer, and from century to century. Five or six glaciers of 
the first class discharge into the bay, the number varying as the 
several outlets of the ice fields are regarded as distinct glaciers, 
or one. About an equal number of the second class descend 
with broad imposing currents to the level of the bay without 
entering it to discharge bergs; while the tributaries of these and 
the smaller glaciers are innumerable. 

The clouds cleared away on the morning of the 27th, and we 
had glorious views of the ice-rivers pouring down from their 
spacious fountains on either hand, and of the grand assemblage 
of mountains immaculate in their robes of new snow, and bathed 
and transfigured in the most impressively lovely sunrise light I 
ever beheld. Memorable, too, was the starry splendor of a night 
spent on the east side of the bay, in front of two large glaciers 
north of the Muir. Venus seemed half as big as the moon, while 
the berg-covered bay, glowing and sparkling with responsive 
light, seemed another sky of ecjual glory. Shortly after three 
o'clock in the morning I climbed the dividing ridge between the 
two glaciers, 2,000 feet above camp, for the sake of the night 
views; and how great was the enjoyment in the solemn silence 
between those two radiant skies no words may tell. 
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That morning we had to break a way for the canoe through a 
sheet of ice half a mile wide, which had formed during the night. 
The weather holding clear, we obtained telling views of the vast 
expanse of the Muir glacier and made many sketches. Then fear- 
ing that we might be frozen in for the winter we hurried away 
back through Icy strait into Lynn canal. We then visited David- 
son glacier and the Indian villjige at the mouth of the Chilcat 
river, where we obtained views of three other low descending gla- 
ciers of the same rank as the Davidson. Thence, turning south, 
homeward bound, we pa.)sed the Auk and Eagle glaciers, and bat- 
tled awhile with the bergs of Sum Dum, narrowly escaping being 
frozen among them. North of cape Fanshaw we were stormbound 
nearly a week ere we could visit the great glacier near the mouth 
of the Stikeen. November 20th we reached Wrangel, and our 
ice lessons for the season were done. 

Next year in August I again set out from Wrangel in a canoe 
and made more careful examination of the glaciers in Glacier baj', 
and of many new ones that I discovered during the season, the 
most noteworthy being those of Sum Dum and the immense glacier 
at the head of Taylor bay to the west of Glacier bay, in crossing 
which I encountered some exciting adventures. 

Again last summer I spent two months in Glacier bay, mostly 
on the Muir glacier getting acquainted with its higher fountains, 
stud3ing the fossil forests about it and the rich and lovely flora 
of the lower ridges, etc. Fain would I describe the glories of 
those months in the ice-world — the beautiful and terrible network 
of crevasses, the clustering pinnacles, the thousand streams ring- 
ing and gurgling in azure channels cut in the living body of the 
glacier, the glorious radiance of the sunbeams falling on crystal 
dale and hill, the rosy glow of the dawn and sunset, the march of 
the clouds on the mountains, and the mysterious splendor of 
the auroras when the nights grow long, etc. , etc. , etc. But this- 
would require a volume, while here I have only the space to add — 
Go to Alaska, go and see. 
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THE RELATION OF THE CRETACEOUS DEPOSITS 

OF IOWA TO THE SUBDIVISIONS OF THE 

CRETACEOUS PROPOSED BY MEEK 

AND HAYDEN. 

By S. Calvin, Iowa City, Iowa. 

The Cretaceous deposits of Woodbury and Plymouth counties 
are composed of sandstones, shales and certain calcareous de- 
posits. The heavier beds of sandstone belong to the basal por- 
tions of the series, barely rising higher than 40 feet above the 
level of the water in the Big Sioux river. The part of the col- 
umn to which these heavier sandstones are confined is however 
not all sandstone, but consists of arenaceous beds alternating 
with beds of argillaceous shales. Above the more massive sand- 
stones the beds, for a vertical distance of 50 or 60 feet, contain 
streaks and thin layers of sand, but shales preponderate. In cer- 
tain typical exposures these alternating beds are followed by from 
thirty to forty feet of pure shales, dark in color, smooth and 
unctuous to the feel, and containing the remains of saurians re- 
lated to Flesioaaurm^ teleost fishes, and, in the uppermost beds, 
impressions of Jnoceramus. At the summit of the column, over- 
topping shales and sandstones alike, are the calcareous beds to 
which allusion has been made. These consist in part of soft 
chalky material and in part of more indurated, though still soft, 
beds of fissile limestone that divides under the hammer or on ex- 
posure to the weather, into relatively thin laminae crowded with 
detached valves of Inoccravius prohJemattcvs Schlot. 

In the portion of the section between the massive sandstone 
and saurian-bearing shale the beds are not everywhere constant. 
In some places they contain thin bands of ferruginous concretion- 
ary sandstone. At Riverside, for example, and at the works of 
the Sioux Paving Brick Co., there is a mass of rather thin-bedded 
calciferous sandrock in the upper part of this division developed 
to a thickness of eighteen feet. 

A generalized section of the beds along the bluffs facing the 
Big Sioux river, omitting some minute details and averaging local 
peculiarities of certain bods, would be, beginning at the base of 
the series: 
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1. Irregular beds of sandstone, varying in color and texture, and 

interstratified with thin beds of shale 18 ^ 

2. Grayish and mottled shales with thin ferruginous bands and 

arenaceous layers 12 ^ 

3. Massive sandstone, mostly soft; but in places containing 

large concretionary masses, several feet in diameter, in ap- 
pearance and hardness resembling quartzlte 10 ^ 

4. Shales with usually two, but sometimes more, well marked 

thin bands of ferruginous concretionary sandstone. (**But- 

tons" of the clay workers.) 16 ' 

.5. Band of impure lignite 4 to 6 inches 

6. Blue, yellow and red mottled clays (terra cotta clays) with 

selenite crystals and some streaks of sand 30 ^ 

7. Argillo-calcareous or arenaceo-calcareous bods with much 

selenite (varying with locality) 20 ^ 

8. Shales more or less unctions to the feel, somewhat variable in 

color and texture, containing remains of saurians and tele- 
ost fishes, the upper beds sometimes bearing impressions of 
Inoceramus problemaUcus 40 ^ 

9. Calcareous beds consisting of chalk and soft, thin bedded lime- 

stone, containing shells of Inoceramus problenuUic\i8, Os- 
trea congesta, and teeth of Otodus^ Ptychodvs and other 
selachians 30 ^ 

Beds that are quite constant and easily recognizable in the re- 
gion about the mouth of the Big Sioux river are Nos. 3, 4, 5, 8 and 
9. These, either singly or collectively, become the guides whereby 
the beds of the several exposures may be correlated. The deposits 
were traced up the Big Sioux valley for a distance of forty miles ; 
they were followed up the Missouri river as far as Yankton. 

In addition to the deposits exposed on the Big Sioux, Dr. C. A. 
White, under the name of the Nishnabotna sandstoney refers to the 
Cretaceous age a series of sandstones developed to a thickness of 
100 feet along the river valleys in Montgomery, Cass, Guthrie and 
Greene counties. Referring to the work done by Meek and Hay- 
den on the Cretaceous deposits exposed along the Missouri river 
and noting the names employed by these authors to designate the 
various subdivisions of their '* Earlier Cretaceous," Dr. White 
says: ** The Cretaceous strata of Iowa have so slight a develop- 
ment in comparison with those farther up the Missouri river, that 
it is diflScult to determine their stratigraphical equivalents with- 
out actual comparison, which it has thus far been impossible to 
make. There is no doubt, however, that all the Iowa Cretaceous 
strata belong to the * Earlier Cretaceous ' of Meek and Hayden, 
nor any doubt that the lowest portions of ours is equivalent to a 
part of their Dakota group." (White's Geology of Iowa^\o\. i, p. 
288,1870). Without attempting, therefore, to synchronize the Creta- 
ceous of Iowa with the Cretaceous formations studied by Meek 
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and Hayden, Dr. White applies to all the strata at Sioux City 
lying below the chalk the name of The Woodbury Sandstones and 
iShales, while the calcareous deposits composed of chalk and soft 
Inoceramus-bearing limestone he calls the Inoceramus beds. 

Below the mouth of Iowa creek, about three miles nearly east of 
Ponca, Nebraska, the Missouri river washes the foot of a high 
bluff in which Cretaceous strata, identical in all essential respecta 
with those seen in Iowa above the mouth of the Big Sioux, are 
exposed to a hight of more than a hundred feet. The several 
beds of the preceding section, from 2 to 8 inclusive, are easily 
recognized, and at the summit of the section, cropping out from 
beneath the thick mantle of loess, are indications of the chalky 
beds of number 9. Farther up the river, almost directly north of 
Ponca, there is another splendid natural section which is more 
than a mile in length and at least 150 feet in hight. At the base 
of the section are the beds seen below the mouth of Iowa creek, 
while away above all the sandstones and shales lie from twenty-five 
to thirty feet of rather hard chalk and /noceramtM-bearing lime- 
stone. There can be no doubt that the beds near Ponca, 
Nebraska, are the exact equivalents of beds in Iowa. Indeed 
one may look away from the exposure at the bend east of Ponca, 
across the plain which is here the combined valley of the Mis- 
souri and Big Sioux, for a distance of only ten or twelve miles 
to the corresponding exposures in Iowa. In the two bluffs that 
look toward each other from opposite sides of the plain, you may 
trace the same succession of strata that, but for the erosion of 
the two great streams, would still be continuous across the inter- 
vening space. Furthermore the beds are about equally well 
developed on both sides of the valley. 

Now the exposure at the bend of the Missouri, three miles be- 
low Ponca, Nebraska, is described in detail by Hay den in the 
First Annual Report of the United States Geological Survey of 
the Territories^ 1867, pp. 47 and 48. The chalky, marly or 
calcareous beds, which are the exact equivalent of the Inoceramus 
beds of Iowa are referred to the Niobrara group. The dark col- 
ored shale, identical with number 8 of the preceding section is 
called the Fort Benton Group, while all the complex mass of 
alternating sandstones and shales in the basal part of the ex- 
posure is recognized as belonging to the Dakota group. 

Between Ponca and St. James, about thirty miles in a direct 
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line farther np the Missouri, the chalky beds of the Niobrara 
group crop out on all the higher hill tops. The Tillage of St. 
James is situated in the yalley of Bow creek, below the level of 
the chalk. In the eastern edge of the village is an exposure of 
Fort Benton shales, presenting the same characteristics as seen 
at a recent landslide on the farm of Williams and Smith, a few 
miles north of Sioux City in Iowa, and at the exposures near 
Ponca, Nebraska. This shale furnished a very perfect skeleton 
of a saurian, as it was penetrated in digging a cistern on Sec. 35, 
T. 90, R. 47, on the Iowa side of the Big Sioux. Another simi- 
lar skeleton, that was carried about the country some years ago 
for exhibition purposes, was taken from the same horizon near 
Ponca. A few weeks before my visit a portion of a skeleton, 
forty feet in length, was uncovered in excavating in the Fort Benton 
shales near St. James. On the tops of the hills near the mouth 
of Bow creek the dark Fort Benton shales are succeeded by the 
white or cream-colored chalk of the Niobrara division. 

St. Helena, about eight or nine miles above St. James, is situ- 
ated on a high bluff 130 or 140 feet above the level of the Mis- 
souri river. The bluff rises as a vertical wall almost from the 
edge of the water. Between the river and the vertical escarpment 
the base of the bluff is concealed by a talus composed chiefly of 
great blocks of chalk ; but above the talus, and rising to a hight 
of forty feet above the water, is an excellent exposure of the 
dark shales of the Fort Benton group, differing in no essential 
respect from the corresponding shales exposed at the land slide 
above the creamery of Williams and Smith, or the shales occupy- 
ing the same stratigraphical position near Ponca and St. James. 
Above the Fort Benton shales lie 90 feet of soft chalk belonging 
to the Niobrara. The Niobrara beds at St Helena exhibit some 
points of difference from those seen on the Big Sioux or on the 
Missouri across the valley in Nebraska. The valves of Inoceramtu 
are no longer present in such numbers, but some of the layers are 
crowded with Ostrea congesta. One impression of the peculiarly 
corrugated muscular scar of Haploscapha grandts was noticed. 
The beds are uniformly chalky throughout, no part of the deposit 
being as much indurated as the InoceramuS'be&nng beds near 
Ponca or Sioux City. The exposure at St. Helena is probably 
one of the most striking and interesting along the river and Hay- 
den refers to it time and again in the work already cited. 
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At Yankton, South Dakota, a short distance above St. Helena 
and on the opposite side of the Missouri the Niobrara beds are 
developed in great force. A large factory has been established 
about three miles west of Yankton to utilize the chalk in the manu- 
facture of Portland cement. The part of the formation at pres- 
ent worked into cement lies above that exposed in the bluffs at 
St Helena. It presents a breast about forty feet high. Below 
the base of the present working the chalk is known to descend to 
a depth of about ninety feet. The Fort Benton shales have dis- 
appeared beneath the level of the river; at all events they lie below 
the level of any observed exposures. On the hill tops above the 
cement factory the chalk of the Niobrara is overlain by the shales 
of the Fort Pierre group. Hayden speaks of this group making 
its appearance on the summit of the hills near the mouth of the 
Niobrara, but he might have found it 30 miles farther east devel- 
oped to a thickness of fifteen or twenty feet. 

The shales of the Fort Pierre group above the chalk, and of the 
Fort Benton group below, are highly charged with crystals of 
selenite, and selenite is by no means uncommon in the shaly por- 
tions of the Dakota group near Ponca and Sioux City. 

It only remains to say in conclusion with reference to the tax- 
onomy of our Iowa section, that beds one to seven inclusive are 
the stratigraphic equivalents of beds near Ponca, Nebraska, 
which Hayden refers to the Dakota group. Number 8 includes 
beds that at Ponca and St. Helena have been referred to the Fort 
Benton group by the same author, and the Inoceramus beds, No. 9, 
are the exact equivalents of the lower twenty or thirty feet of the 
Niobrara group. A part of the Inoceramus beds near Sioux City 
is soft and chalky; but a part, as has been said, is harder, though 
by no means as hard as ordinary limestone. At St Helena, 
Nebraska, and, so far as known, at Yankton, South Dakota, the 
beds are chalky throughout, the difference being doubtless due to 
the fact that the Sioux City area was nearer the shore line of the 
Cretaceous sea in which the beds were deposited. At Ponca In- 
oceramus is about as common as at Sioux City, but the strata in 
which the shells are embedded are lithologically intermediate be- 
tween the condition of the /noccramt*«-bearing layers at Sioux 
■City and the condition observed in the basal parts of the Niobrara 
group at St Helena. Furthermore the beds referred by Hayden 
to the Dakota and Fort Benton group are as well developed at Sioux 
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City as at Ponca. At Sioux City, however, we have only the 
attenuated edge of the Niobrara, but that fact in no way disquali* 
fles so much as is developed from being the stratigraphical equival- 
ent of the lower portion of the group as seen in greater force 
farther up the river. 

The three divisions of the Cretaceous recognized at and near Sioux 
City in reality represent continuous sedimentation over a gradually 
subsiding sea bottom. The sandstones and shales of the Dakota 
group with respect to their lower portions at least, were accumu- 
lated in a rather shallow land-locked sea. Currents swept the sand 
back and forth, sometimes building up, and again tearing down, 
previously constructed beds, and so produced the fine examples of 
cross bedding, or current structure, so well illustrated near Spring- 
dale a few miles northeast of Sioux City. The few molluscan 
species found in the lower part of the Dakota group indicate the 
presence of brackish water. The numerous vegetable remains 
which characterize the group imply that the large volumes of 
drainage water which maintained the conditions favorable to the 
existence of brackish water moUusks, carried not only sands, but 
swept in leaves and trunks of the willow, poplar, magnolia and 
other forest trees, from the adjacent lands. 

As the waters became gradually and progressively deeper owing 
to subsidence of the sea bottom, the conditions favoring the accum- 
ulation of sandstones and the existence of brackish water moUusks 
disappeared. The shore line was shifted farther to the east The 
sediments of the r^ion about Sioux City became finer and set- 
tled down in regular layers beyond the reach of disturbing currents. 
The downward movement of the sea bottom seems not to have 
been altogether constant during the epoch of the Dakota group. 
There were occasional oscillations that from time to time permitted 
the formation of thin beds of sandstone, but before the close of 
the epoch the amount of sand that reached as far as Sioux City 
was insignificant and fine clay shales greatly predominated. The 
shales of the Dakota group gradually merge into those of the Fort 
Benton. During the second epoch the subsidence had carried the 
shore line so far to the east that all coarse sands were deposited 
before reaching the area in question. Before the Fort Benton 
epoch began the brackish water estuary had long been trans- 
formed into a portion of a clear, open sea. At all events during 
that epoch true marine mollusks such as InoctramvA and Ostrea 
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had supplanted Cyrena and Margaritana, while marine saurians 
and teleost fishes multiplied and became the dominating types of 
the oceanic realm. 

The soft limestone and softer chalk of the Niobrara group are 
indicative of deeper water and remoter shores. No gross sedi- 
ments from the land reach as far as Sioux City. Not since the earlier 
part of the Dakota group had it been possible for leaves and 
twigs of forest trees to be carried into the region. It was during 
the Niobrara epoch that the subsidence reached its maximum, and 
the maximum extension eastward of the Cretaceous sea was at- 
tained. At the close of the Niobrara the upward movement of 
the land began ; the sea withdrew, and shales of the Fort Pierre 
group were deposited above the chalk from Tankton westward. 

When we recall the fact that the three groups recognized at 
Sioux City aud Ponca represent the effects of continuous sediment- 
ation over a subsiding sea bottom, it will be seen that the question 
of dividing the sediments into distinct groups at all is simply one 
of convenience. Furthermore, any lines that can be drawn 
between the divisions, if divisions are to be made at all, must be 
to a large extent purely arbitrary. The upper portions of the 
Dakota merge gradually into the Fort Benton, while the Fort 
Benton group passes by gradual transition paleontologically, and 
in some places iithologically, into the calcareous beds of the 
Niobrara. 

Farther west, where the sea was deeper and the conditions pre- 
sumably more uniform, the distinctions between some of the 
groups cannot be maintained, and King has combined the deposits 
of the Fort Benton, Niobrara and Fort Pierre epochs under the 
single designation of the Colorado group. Hayden acquiesces in 
this arrangement in his annual report for 1874, but later in his 
report for 1877 he makes the Colorado group include only the Fort 
Benton and the Niobrara, while the two upper divisions, the Fort 
Pierre and the Fox Hills, are united under the name of the Fox 
Hills group. The Dakota group, with its coarse sandstones and 
leaves of forest trees is still recognized as a distinct division. 

And this leads to another consideration that is of wide-reaching 
importance in the correlation of synchronous geological deposits. 
The sandstones at the base of the Dakota group, near Sioux City, 
owe their physical and even their paleontological characters to 
conditions prevailing near the shore. As the bottom subsided 
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and the shore was moved farther to the east, the character of the 
•deposits at Sioux City changed, but coarse, cross-bedded sand- 
stones and other littoral deposits, charged with leaves and twigs 
of forest treea^ most still have been formed in pi-oximity to the 
new store lines. Even while the chalk and limestone of the 
Niobrara epoch were being precipitated over western Iowa, from 
solution in clear sea water that contained no trace of sediment, 
sandstones and shales containing numerous impressions of leaves 
and branches of terrestrial plants must still have piled up along 
that more remote eastern shore. But if the shore deposits of the 
Niobrara epoch could now be found, it is probable that every com- 
petent geologist or paleontologist would refer them unhesitatingly 
to the Dakota group. Deposits absolutely synchronous may 
present very wide extremes of lithological and paleontological 
characteristics. It is possible, I think, to recognize a law which I 
have not seen expressly formulated, but which may run some- 
thing in this wise: — Synchronota deposits of the same geologic 
basin are more likely to present uniform lithological and paleon- 
tological characteristics if the geologist traces them along a line 
parellel to the shore of the basin. If the observations are Tnade 
along a line that is radial to the geologic ba^in or at right angles to 
the trend of the shore, the different parts of absolutely synchronous 
beds are almost certain to vary in lithological and paleontological 
characteristics so much as sometimes to mxike it appear that differ- 
ent parts of the same bed belong to different geologic epochs. 

This law may have greater force in connection with the study 
of Mesozoic and Cenozoic strata than in the studv of the more 
ancient terranes, but even among the Paleozoics it must frequently 
have an important application. 



SOME RECENT CONTRIBUTIONS TO THE GEOL- 
OGY OF CALIFORNIA. 

By H. W. Turner. A\ ashiuffton, D. C. 
Geology of the Mother Lode Gold Belt; by Harold W. Faibbanks; 
American Geologist, vol. vii., 1891, pp. 209-222. 

In this paper Mr. Fairbanks gives the chief results of a sea- 
son's field work along the Mother lode. The author shows a famil- 
iarity with modern lithology, and the paper may be regarded as 
the most important contribution to the geology of the Mother lode 
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since the publication of professor Whitney's ** Auriferous Gravels 
of the Sierra Nevada," in 1880. 

From most of the published material on the subject one 
gathers the idea that the quartz deposits forming the Mother lode 
occur uniformly in black clay slates, shown by professor' Whitney 
to be of Mesozoic age. Mr. Fairbanks is perhaps the first to have 
indicated that the Mother lode fissure does not follow this belt of 
slates at all points. In Tuolumne county it is noted as cutting 
<<a knob of granite one thousand feet across." At another place, 
p. 221, Mr. Fairbanks states that <<the formation of the Mother 
lode is the final event in the history of these rocks; no dikes inter- 
sect it, and the fissure has broken through all the foimations that 
lie in its path. " 

That the lode occurs in southern Calaveras county, to the 

east of the ^'Mariposa slates,"* does not seem to have been noted. 

There is a small amount of black clay slate of unknown age at 

Angel's in one of the mines, but the country rock there is a green 

amphibolite-schist and the main belt of black slates lies a mile or 

more to the west. The United States Geological Survey has 

obtained additional evidence of the Mesozoic age of these slates 

within the past two years. At the Texas ranch, which lies two 

and a half miles southwest of Angel's, and to the west of Angel's 

creek, Aucella and ammonites have been found, and an ammonite 

was obtained from Mr. J. W. Bliss, said to have been found in 

the black slates about two miles west of Angel's on a branch of 

Cherokee creek. 

On page 219 Mr. Fairbanks makes this statement: <<The 

evidence of fossils recently found in limestone in Tuolumne and 

Calaveras counties is supposed to favor the Carboniferous rather 

than the Jurassic. The fossils are few and quite fragmental, and 

*The Mesozoic black clay slates of the gold belt containfDg Aucella, 
ammonites, and belemnites, have been designated **Mariposa slates" on 
the forthcoming maps of the United States Geological Survey. 

There are two main belts of rocks of this series,an eastern belt contain- 
ing much of the Mother lode, and a western belt extending from Folsom 
to Salt Spring valley west of the Bear mountains, and further south. 
The western belt contains numerous small quartz veins, but these have 
not yet been shown to be highly auriferous. 

The locality called Wilkinson's ranch in Whitney's Auriferous 
Gravels, p. 37, near White Rock station in Sacramento county, is on this 
western belt of slate. According to professor Whitney, an ammonite 
was obtained there. The writer found fossil belemnites ■ in Salt gulch 
about two miles northeast of Campo Seco in Calaveras county, and what 
may also be a belemnlte fragment in the clay slates that cross the 
Tuolumne river a little east of Lagrange. 
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it seems to me that the evidence is not yet sufficient to classify the 
limestones of the middle Sien*as as Carboniferous." In this connec- 
tion it m ight be well to state that the United States Geological Survey 
has obtained specimens of Ftmlina cylindrical Zaphrentis^Sind abun- 
dant rounded crinoid stems in limestone in the older rocks of the 
Bear mountains and their continuation northward. According to Mr. 
C. B. Walcott, who is regarded as authority both here and in 
Europe, Funlina is not known to occur below the Carboniferous 
or higher than the group usually called Permian, which is so 
closely related to the Carboniferous that it has been relegated to 
that period b}' the United States Geological Survey. 

The above belt of Carboniferous rocks of the Bear mountains 
lies just west of the great diabase mass that forms the high ridge 
of which Bear mountain and mount Joaquin are culminating 
points. The rooks of it are not in general greatly altered, and 
consist of fine-grained siliceous rocks (phthanites),* quartzite and 
limestone, with a good deal of black argillaceous schist. 

The broad belt of older rocks lying to the east of the Mother 
lode is much more altered than this belt of the Bear mountains. 
Nevertheless, -the fossils found in the limestones of this eastern 
belt are the same. Fa$%lina cylindrica and rounded crinoid 
stems were found by the writer in the limestone at Hite's Cove in 
Mariposa county, and rounded crinoid stems occur in the lime- 
stone at Cave Cit}' and other points along the great belt of lime- 
stone. 

The prevalent rocks of this eastern belt of older rocks are argil- 
laceous and mica schists, quartzite, and limestone, which is us- 
ually crystalline. 

The term < ^Calaveras formation," as used by the United States 
Geological Survey on the geological maps of the Gold Belt, includes 
all of the Paleozoic sedimentary rocks of the Sierra Nevada. The 
two belts of rock just described thus belong to the ^^Calaveras 
formation." 

Mr. Fairbanks considers the serpentine of the Sierra Nevada as 

'^The term phthanUe is used by the writer to Include all the very fine- 
grained siliceous rocks which have not been subjected to sufiBcient pres- 
sure to be rendered schistose, and in which the silica is largely second- 
ary. These rocks are presumed to have been originally shales and lime- 
stones. The silicified shales or jaspery rocks of the Ck)ast ranges and 
Lydian-stone or kieselrschiefer as defined by Geikie in his Manual of 
Geology, 1885, p. 122, are included in this term. The term fcieset-M^il^ 
/er, or siliceous schist, is evidently misleading, since the rocks ao-called 
are not schistose. 
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•derived from eruptive rocks, and this origin has been substantiated 
by the United States Geological Survey, as may be seen in the 
text of the Sacramento and Placerville sheets, which are now being 
published, and which form part of the series of the geological maps 
of the Gold Belt now being issued under the authority of Mr. O. 
F. Becker. The author is probably right also in regarding some 
of the granite as later than the serpentine. That it is later than 
some of the serpentine appears certain from its cutting off the 
terpentine belt to the southeast of Placerville, as may be seen on 
the Placerville geological atlas sheet; and a dike of granitoid rock 
is intrusive in the serpentine area that lies two and a half miles 
northeast of Oleta in Amador county. Mr. Fairbanks states that 
some of the granite is later than the Mother lode slates, since south 
of Mariposa it has cut off and metamorphosed them, and the Mari- 
posa slates at Folsom have been found b}' Mr. Lindgren to have been 
altered by the intrusion of the granite. 

The fact that the large white masses forming portions of the 
Mother lode are not entirely quartz, but consist in part of a white 
magnesian mineral resembling dolomite, is referred to. This was 
first brought out by professor Whitney, who, to account for the 
occurrence of these large masses, writes as follows:* 

<'But this immense mass of quartzose, dolomitic and magnesitic 
material, to which the name Mother lode, or Great Quartz vein, is 
applied, is not by any means proved to be a fissure vein or even an 
exclusively segregated one. It will require much more study ftasa 
it has yet received before its real character can be stated with 
confidence. To the writer, it seems, from present evidence, most 
likely that it is the result of metamorphic action on a belt of rock 
of peculiar composition, and perhaps largely dolomitic in char- 
acter." 

On page 217 Mr. Fairbanks presents a somewhat similar theory 
as follows: < *That those portions of the lode so enormously ex- 
panded are simply coarse basic dikes of no great regularity or 
continuity, which, lying in the course of the fissure, have been 
acted upon in a peculiar way by the penetrating liquids and gases. 
These, through metasomatic processes, have removed part of the 
original constituents and substituted others. A strong confirma- 
tion of this theory is found in a large body of unquestionably 
eruptive rock, near Jamestown, Tuolumne count}*, and about half 

*Auriferous Gravels of the Sierra Nevada, p. 332. 
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a mile from the Moth^ lode. It has very much the same appear- 
ance as the vein matter of the lode, except that there is no mari- 
posite. It is seamed with small veins of quartz and in surface 
decay produces the same red oxide of iron. The only real differ- 
ence is that the process of substitution is not so complete as in 
the Mother lode. Dikes that have undergone a partial change 
often occur penetrating the Mother lode vein matter, and at times 
they are slightly impregnated with mariposite. " 

Mr. Fairbanks' theory is a very plausible one, and it would 
seem probable that a thorough study of the Mother lode material 
and of this igneous mass b}' means of their sections, would sub- 
stantiate this view if true. 

Stratigraphy and Succession of the Rocks of the Sierra Nevada in Cal- 
ifornia; by James £. Mills; Bull. Geol. Soc. Am., vol. 3, pp. 413-444. 

Mr. Mills in this paper divides the rocks of the Sierra Nevada 
into three groups: 

Pre-Mesozoic, consisting of sedimentary slates and quartzites,* 
and eruptive granite. 

Lower Mesozoic, consisting of slates, greenstones and lime- 
stones. 

Upper Mesozoic, consisting of thinly laminated argillites (cla}-- 
slates and argillaceous schists) and serpentine. 

According to Mr. Mills, granite is the chief pre- Mesozoic rock. 
His evidence of its age consists in his not having found it intru- 
sive in the Mesozoic rocks and in having found pebbles of it 
in a Mesozoic conglomerate (p. 429). This evidence, if correct, 
is entirely sufficient, but must apply to very little of the granitef 
of the Sierra Nevada. The writer found the granite at Mount In- 

*Quartzite is perhaps properly defined as a silicified sandstone In 
which the original quartz grains have been enlarged by the addition of 
secondary silica so that there are no longer Interspaces between them, 
but they either dovetail into one another, or present a true allotrlo- 
morphic structure. Mr. Mills, however, uses the term to indicate almost 
any highly siliceous rock. Thus on p. 425 both diabase and serpentine 
**are still further frequently altered to quartzltes." Again on p. 423 he 
says: **In both cases the quartzite Is probably a product of alteration 
•of the granite itself.*' This use of the term quartzite is still further 
exemplified on p. 440. 

f The granite of the Sierra Nevada contains but a small amount of 
alkali, and is more correctly called a quartz-mica-diorite. Dr. Becker 
has introduced the term granodiorite for the alkali-poor granitoid rocks 
•of the Sierra Nevada. (See the text that accompanies the geological 
maps of the Gold Belt now being issued.) 
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galls intrusive in the metamorphic tuffs that contain, on Little 
Grizzly creek, fossils of Carboniferous age. 

Mr. J. S. Diller, in the text of the Lassen Peak sheet, states that 
^ *0n the southwest slope of Chip creek the sedimentary rocks in 
contact with the diorite were greatly altered at the time of ita 
eruption," showing the diorite to be the younger rock. The 
diorite referred to is the quartz-mica-diorite of the Spanish Peak 
area. Mr. Diller considers these sedimentary rocks, however, 
of Paleozoic age, and there is thus at present no evidence ex- 
tant that the granite of Plumas county is intruded into rocks 
later in age than the Carboniferous, but there is evidence that 
much of the granite of the Sierra Nevada further south is of 
Mesozoic age. 

Since the fall of 1885, Mr. Waldemar Lindgren and myself 
have been engaged, under the authority of Mr. GT. F. Becker, in 
studying the geology of the central Sierra Nevada. Over seven 
thousand square miles of the Gold Belt have been carefully map- 
ped, and the relations of the intrusive rocks, granite or grano- 
diorite, gabbro, diabase, et cetera, to the sedimentary rocks and 
to each other have been studied at many points. The results 
show that the granite is almost invariably of younger age than the 
associated sedimentary rocks. Much of it is later than the dia- 
base, which is placed by Mr. Mills in the Lower Mesozoic group. 
Thus to the southwest of Placerville (see Placerville geological 
atlas sheet) the granite has displaced the great diabase dike that 
lies just west of the Mother lode area of ^^Mariposa slates." 

In the southern Sierra Nevada, at Mineral King, there is a body 
of Triassic rocks containing fossils enclosed in the granite which 
there forms the bulk of the range. As has been noted in the 
review of the paper on the Mother lode, the granite to the south of 
Mariposa is said by Fairbanks* to have cut off and metamorphosed 
the sedimentary series, including the Mesozoic Mariposa slates*,: 
and Mr. Lingreen found the Mariposa slates at Folsom to have 
been metamorphozed by the granite. It can then be stated with 
some confidence that much of the granite of the Sierra Nevada is 
post- Paleozoic in age. 

The lower Mesozoic group is characterized by large masses of 
greenstones, by which term Mr. Mills appears usually to meaa 
rocks of the diabase scries. In conglomerate in the Calaveraa 

*Tenth Ann. Rep. State Mineralogist, California, p. 25. 
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formation, and apparently interstratified with limestone contain- 
ing Carboniferous fossils, in Calaveras county, are pebbles of dia- 
base. Some diabase is presumably, therefore, of pre-Mesozoic age. 
The western belt of the Calaveras formation contains consider- 
able areas of f ragmental rocks of the diabase and prophyrite series. 
These areas present every evidence of being of the same age as 
the enclosing sedimentary rocks, that is. Carboniferous. (See 
Placerville and Jackson atlas sheets. ) 

On page 437 is described a belt of argillite and limestone that oc- 
curs between Campo Seco and Mokelumne hill. Mr. Mills refers this 
belt to his Lower Mesozoic, apparently on its general lithologic char- 
acter. This is the western belt of the Calaveras formation al- 
ready referred to, and the limestone of this belt contains JFiisilina 
cylindrical which has thus far not been found higher than the 
Permian. 

The Upper Mesozoic gAup of Mr. Mills is characterized by 
thinly laminated slates and serpentine. The latter rock appears 
to occur chiefly in the lower part of the Upper Mesozoic. Thus 
on page 431, <<It is plain, therefore, that in the ascending ser- 
ies the serpentines and the slates which accompany and replace 
them came before the thinly laminated slates, and that the latter 
are at the head of the whole series of metamorphic rocks of the 
Sierra." 

Northeast of Pence's ranch, in Butte county, is a group of 
older sedimentary rocks, in the limestone of which are rounded 
crinoid stems, and in the same limestone Producttu semireticulatui 
and Spiri/er lineattu were recognized by Mr. W. M. Gabb, of the 
State Geological Survey of California. These fossils are char- 
acteristic of the Carboniferous, yet Mr. Mills (page 434), appar- 
ently merely because of the association of serpentine with these 
rocks, <<sees no reason to doubt that these limestones with 
accompanying slates, greenstones and serpentines" are of Mesozoic 
age. 

As may be seen on the Jackson geological atlas sheet, soon to 
be published, large amounts of amphibolite-schists (part of Mr. 
Mills' Lower Mesozoic greenstones) are included in the area of 
the **Calaveras formation" to the north of Angel's, which is so far 
as known of Paleozoic age. These schists are dynamo-metamor- 
phic rocks which were largely diabase originally and have been 
subjected to the same displacements as the enclosing sedimentary 
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schists, strongly suggesting their being about of the age of these 
schists. 

All of the evidence gathered by the United States Geological 
Survey goes to show that Mr. Mills' subdivisions of the pre- 
Tertiary rocks of the Sierra Nevada do not hold for the great 
mass of the central part of the range. 

It is also certain that the areas, as mapped by Mr. Mills (see 
plate 13) about the American valley, will need much modification. 
Thus a belt of argillite containing limestone* with Silurian fossils 
has been traced by Mr. Diller and the writer into the large Lower 
Mesozoic area of the Grizzly mountain, and Mr. Diller has collected 
both Triassic and Carboniferous fossils in Mr. Mills' Lower Mesozoic 
area to the east of Red hill between the north fork and east branch 
of the north fork of the Feather river. 

The pre-Cretaceous age of the metamorphfl rocks of the CaliforDla Ck)ast 
ranges; by Harold W. Fairbanks; A&oerican Geologist, March, 
1892. 

In this paper Mr. Fairbanks seeks to prove that the peculiar 
metamorphic rocks of the Coast ranges, silicified shales or phthan- 
ites, glaucophane schists and hardened sandstones are not altered 
forms of the lower Cretaceous ( Neocomian) shales and sandstones 
as held by Whitney and Becker, but that the}^ represent an older se- 
ries on which the Neocomian rocks ( the Knoxville beds) and later 
Cretaceous are unconformably deposited. 

In a paper on the * ^Geology of mount Diablo, California, "t the 
writer assumed that the silicified shales and hardened sandstones of 
that mountain were of the same age as the Knoxville beds, although 
he found no convincing proof of this. He considered, however, 
that the diabase and serpentine at mount Diablo are of igneous 
origin, which conclusion Dr. Becker, after a visit to the district, 
concurred in. 

The diabase at mount Diablo seems clearly intrusive in the 
phthanitcs and hardened sandstones, and the metamorphic char- 
acter of these sedimentary rocks may be ascribed in part to the 
heat of the intrusive diabase. 

Supposing the diabase to be later than the Knoxville shales, it was 
thought remarkable, and noted in the paper above, that no dia- 

*This is the Montgomery limestone of Mr. Diller. See Bull. Geol. 
Soc. Am. vol. iii, p. 376. 

fBull. Geol. Soc. Am., vol. 2., pp. 383-414. 
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base dikes cut these shales, and during several years' field work 
in the Coast ranges as assistant to Dr. Becker, the writer can 
remember no cases of undoubted dikes of diabase in sedimentary 
rocks containing Cretaceous fossils. 

Supposing Mr. Fairbanks to be correct in considering the Coast 
range metamorphic rocks as pre- Cretaceous in age, it is likewise 
probable that the diabase is also of pre-Cretaeeous age. 

The serpentine at moant Diablo, however, was clearly shown to 
have been intruded as a dike into the Knoxville shales which, like 
the dike, stand vertical and contain specimens of Aucella on either 
side of the dike. 

There is therefore no doubt of the post-Knoxville age of some 
of the serpentine of the Coast ranges. Mr. Fairbanks seems like> 
wise of the opinion that the serpentine of the Coast ranges is of 
post-Knoxville age, having obtained evidence of this in Tehama 
and Colusa counties (see p. 164 of his paper). 

The gabbro described in the bulletin on mount Diablo above 
referred to as occurring in Bagley creek appears to be a dike in the 
Knoxville shales which contain Aucella on both sides of the dike. 
This gabbro was thought to be connected genetically with the 
pyroxenite-serpentine area shown on the geological map. It is 
probable, therefore, that some of the gabbro of the Coast ranges 
is post-Knoxville in age. 

Professor Whitney came to the conclusion that the silicified 
shales or phthanites at mount Diablo passed over into the unalter- 
ed Knoxville shales which contain Aucella, The best proof of this 
would be to find the Aucella in the silicified shales, and this may 
well be possible, for while these rocks have been thoroughly im- 
pregnated with silica and then broken up, and re-cemented by 
siiica they have not been subjected to such pressure as to be ren- 
dered schistose. Mr. Lindgren found in microscopic sections 
organic forms which were considered by professor Leidy probably 
to be tests of Foraminifera, and these tests, though silicified, 
retain their spherical form. So far as known to the writer, no 
molluscan shells have been found in the silicified shales. 

If the Knoxville beds are deposited unconformably on the 
Coast range metamorphic series, it is certain that the basal mem- 
bers of these beds would contain the debris of the metamorphic 
series. Mr. Fairbanks appears to have noted nothing on this 
point. 
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While making a geological map of the Knoxviile district for 
Dr. Becker about eight years ago the writer found conglomerates 
in the Knoxviile beds at several points. A collection was made 
of the pebbles and matrices of these conglomerates, which speci- 
mens have been recently re-examined by the writer with the aid 
of thin sections. 

One of these conglomerate beds lies about two and a half miles 
southeast of the furnaces of the Reed quicksilver mine, just north 
of the basalt area. The matrix of this conglomerate ( No. 75, Knox- 
viile collection) is a tuffaccous* sandstone containing well preserved 
specimens of Attcella^ so that its age is certain. It is composed 
of fragments of augite, quartz and a little hornblende, with chlorite, 
calcite and serpentine present as decomposition products. There 
are also numerous microlltic igneous fragments, which frequently 
contain larger crystals of augite and plagioclase and are evidently 
of the porphyrite series. Some other rounded fragments seemed 
to be phthanite. Augite is so abundant in the itock as seen 
in thin section that it might almost be called a diabase-tuff. 
This rock seems likely to have been formed from material derived 
chiefly from the secular disintegration of rocks of the diabase ser- 
ies. One of the larger pebbles imbedded in this matrix is' a dia- 
base-tuff; another is a typical porphyrite, with ^idiomorphic plagio- 
clase phenocrysts. 

Some conglomerate collected about 650 feet northeast of 
the last locality is composed largely of small pebbles of fine-grained 
siliceous rocks apparently indistinguishable from phthanite and, 
like that rock, cut by numerous minute quartz veins. 

At the point called Chaparral Station on the geological mapt of 
the district occurs a coarse, conglomerate containing pebbles of 
quartz-porphyrite, and of a granular rock composed chiefly of 
feldspar and quartz. 

The exposures at Knoxviile are excellent and a thorough study 
of these conglomerates and of the metamorphic rocks there ought 
to determine the question whether or not the metamorphic 
series is older. Certainly the facts given above seem to prove 
that the phthanite and diabases are older than the Knoxviile 
beds. 

^*This adjective being derived from tw# should obviously be spelled 
with two Ts and thus distinguished from tufaceous, which is derived 
from tufa, 
fSee the atlas accompanying Becker's Quicksilver Deposits. 
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Dr. Becker* has also called attention to conglomerate in the 
Shasta beds at Riddles, Oregon. He writes in regard to it as 
follows: ^^Limestone is more abundant at Riddles than in any 
part of the early Cretaceous area in California that I have studied, 
and the conglomerates are much more extensively developed. 
These seem to form the upper layer of the fossiliferous series in 
Oregon. They are very coarse and at points in the neighbor- 
hood the mass is hundreds of feet in thickness. This conglome- 
rate is evidently extensive. Mr. Brown informed me that he 
had traced it continuously for over twenty miles. It is note- 
worthy that the pebbles of the conglomerate are composed largely 
of highly metamorphic rock, indicating a period of dynamo- 
chemical action prior to the uplift of the fossil -bearing strata." 

While the position taken by Mr. Fairbanks may be correct, it 
does not appear to the writer that the evidence presented in his 
paper is convincing. Mr. Fairbanks fails to find any line of 
demarkation between the metamorphic rocks of the Klamath 
mountainst and those of- the northern Coast ranges. After quot- 
ing Whitney to the effect that there is no physical break between 
the two groups of ranges, and giving evidence of the pre-Cretac- 
ceous age of the Klamath mountains, he says, p. 159: ** After a 
most careful tracing of the older rocks of Shasta county south- 
ward, I find it utterly impossible to draw a line of demarkation 
between them and the metamorphics of either Tehama, Colusa, 
Lake or Napa counties. There is no physical break. " 

That the Coast ranges and the Klamath ranges are topographir 
cally continuous is apparent to anyone who will examine a map 
of northwestern California. The question, however, is not as to 
there \^^fL & physical oreak, but as to the different geological 
ages olSi rocks of the two groups of ranges. 

It has been proven, chiefiy through Mr. J. S. Diller,that the Kla- 
math mountains are . made up of Jura-Trias and Carboniferous 
rocks, a continuation in fact of the auriferous slate series of the 
north end of the Sierra Nevada. The evidence on this head will be 
presented in a forthcoming paper in the bulletin of the Geologi- 
cal Society of America by Mr. Diller. 

♦Bull. Geol. 8oc. Am., vol. 2, p. 203. 

fThis term has been introduced by major Powell for all of the high 
mountains in northwestern California, including Scott, Trinity, Yallo 
Bally, Bully Choop, etc. See text of Lassen Peak sheet by J. S. Diller. 
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Mr. Fairbanks also found several localitiesI<of fossils in these 
mountains, but does not state what the fossils are. 

Mr. Diller in the article above referred to, and Mr. Stanton, 
in a paper in the same bulletin, also soon to be published, produce 
evidence of the unconformity of the Cretaceous series of the 
Coast ranges, from the Knoxville beds to the Chico beds inclus- 
ive, on the Triassic and Carboniferous rocks of the Klamath moun- 
tains, and find evidence also of continuous sedimentation in 
northwestern California in the Cretaceous series as shown by the 
fossils. 

If, therefore, the metamorphic rocks of the Coast ranges can 
be shown to be of the same age as the metamorphic rocks of the 
Klamath mountains, then the entire series must be pre-Creta- 
ceous in age. No positive evidence on this head seems yet to have 
been produced. The two sets of rocks are very different litho- 
logically, the rocks of the Klamath mountains having been 
brought into their present metamorphic condition chiefly by 
dynamo-metamorphic alterations, while the metamorphism of the 
Coast Range series is more a chemical one, characterized particu- 
larly by silicification, although dynamo-metamorphism also played 
an important part. 

From the following extract from the Geology of California, vol. 
I, J. D. Whitney, p. 363, it would appear that the line of de- 
markation between the two sets of rocks is quite sharp: **At 
and north of Crescent City, a plain stretches along the ocean for 
about twenty miles, having a width of six or seven miles in 
places. The metamorphic slates make their appearance along 
the beach, as is well seen about four miles to the east of the 
town, where the sea washes the base of the hills. Tb^^ slates 
continue south to the mouth of the Klamath river wlm^as we 
are told there is an entire change in the character of the forma- 
tion, the metamorphic rocks of the Coast ranges coming down to 
the sea at this point and extending along the shore far to the 
south. The auriferous slates crop out in reefs and on the main 
land near Crescent City, forming the promontory near which 
the town is built, and thev extend north for a mile or more where 
they disappear under a covering of Tertiary sandstone. " 

Mr. Diller also informs me that in going west over the Kla- 
math mountains he noted in the vicinity of Mad river a marked 
change in the lithologic character of the rocks, those to the east 



Geology of California. — Turner. 319 

of the river belonging to the auriferous slate series, and those to 
the west to the Coast range series. 

Mr. Fairbanks also appears to recognize a difference in the two 
sets of rocks. On page 158 he writes: <<The granite mass of 
the Trinity mountains terminates abruptly on the south, being 
cut off by a body of massive serpentine which forms the summit 
of Bully Choop, one of the highest peaks of the Coast range. 
Directly south of the serpentine along the crest of the range we 
encounter green talcose and granitic schists in which the silicifi- 
cation characteristic of the Coast range metamorphics is well 
developed. The schists are somewhat crumpled with the appear* 
anceof minute veins and bunches of quartz which follow the 
cleavage planes in an irregular manner. These rocks are pene- 
trated for several miles by porphyritic dikes, evidentlj- offshoots of 
the granite on the north. This is positive proof that their period 
of upheaval dates back to the extrusion of the granite. '' 

It is to be regretted that the author has not given the reader a 
more exact lithological description of these porphyritic dikes. The 
evidence above presented can hardly be regarded as <<positive 
proof" of the relations of the Coast range metamorphics to the 
granite of the Trinity mountains. 

On page 160 occurs the following: <<The line of contact be- 
tween the Cretaceous and the older rocks has been particularly 
favorable for the intrusion of the peridotitic rock from which the 
serpentine has been derived, and this together with the general 
covering of the rocks with soil makes it hard to find good expo*^ 
sures. The best contact observed was on Elk creek in Colus& 
county ; here the soft black shales rest directly against the green; 
silicified schists. A few hundred feet distant the shales have a 
dip of 40® to the east ; as the contact is approached they dip more 
and more, finally becoming somewhat broken and reversed, while 
for several feet adjoining the schists they are crushed to a clayey 
mass. The change to the vertical green schists is abrupt. To- 
wards the crest of the mountain, five miles away, they become 
more silicified. Black slates and hornblende schists are also to 
be observed in places. The clay at the contact has been formed 
by an upward movement of the metamorphic ridge, a condition 
noticed at several points farther south, and which, to a certain 
degree, obscures the non-conformity. This is undoubtedly the 
reason for the apparent conformity between the Aucella-bearing 
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strata and the metamorphics of mount Diablo mentioned bj Mr. 
Becker as a proof of the unity of the two formations." 

Mr. Fairbanks' description of his **best contact" in the above 
paragraph seems certainly to apply not to an unconformity, but 
to a fault which perhaps might as readily occur between 
metamorphosed and non- metamorphosed beds of the same age as 
of different ages. 

On page 164, the serpentine of the Coast ranges is referred to 
and all considered as resulting from the alteration of basic 
igneous rocks. This was shown to be true by the writer of the 
serpentine of mount Diablo and from specimens in the National 
Museum it appears to be likewise true of the serpentine of the 
San Francisco peninsula and of New Almaden. It has been like- 
wise clearly shown to be true of the serpentine of the Sierra 
Nevada b}- Mr. Diller, Mr. Fairbanks, and the members of the 
California Division of the United States Geological Survey. 

However, it has been proved by micro-chemical and micro- 
optical tests by Messrs. Becker and Lindgren* that various 
minerals in the Coast range sandstones are altenng to serpentine 
and it is the opinion of Dr. Becker that this metamorphism has 
resulted in forming considerable bodies of serpentine. 

Mr. Fairbanks concludes his paper with the following, pp. 165 
and 166: <<From the foregoing illustrations coupled with my own 
observations I. think we can safely say that no important non- 
conformity exists in the Cretaceous and that it is utterly impos- 
sible that the great upheaval of the Coast ranges could have 
taken place at the close of the Gault or Shasta period, as Dr. 
Becker has lately affirmed. A small unconformity undoubtedly 
exists due in part to the eruption of the serpentine and in part 
to an uplift accompanying it. The extrusion of such an immense 
body of igneous rock as that near Knoxville, ranging from three 
to five miles in width and twenty miles long, must have pushed 
back and tilted the Knoxville shales to a considerable extent. " 

While there is thus eyidence that the main metamorphism of 
the Coast range rocks occurred before the deposition of the Knox- 
ville beds there is here granted by the author a post-Knoxville 
disturbance accompanied by the extrusion of serpentine. Now 
^serpentine is a very abundant rock in the Coast ranges. It occurs 
almost ever3'where associated with the phthanites, hardened 

^Monograph on the Quicksilver Deposits, pp. 122-126. 
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sandstones, diabases, and glaacophane schists, and with the Knox- 
ville shales. The area at Knoxville is by no means the only large 
one; another as large or larger occurring to the west and south- 
west of New Idria. If all these serpentines are post-Knoxville in 
age it follows that the upheaval that accompanied their extrusion 
must have been felt over a considerable area of country. The ex- 
trusion of the serpentine must have occurred before the deposi- 
tion of the Wallala beds (middle Cretaceous) for they were shown 
by Dr. Becker to contain rolled fragments of that rock. 

While at Knoxville during the quicksilver investigation the 
writer noted a conglomerate near Eticuera creek, some distance to 
the southeast of the town. This conglomerate contains water- 
worn nodules of the limestone of the Knoxville beds in which are 
well preserved ^.i^ceZZ^?, indistinguishable from those occurring at 
Knoxville in exactlv similar limestone. There are also numerous 
pebbles of quartz-porphyrite in this conglomerate, the sandy matrix 
of which contains well preserved belemnites, presumably Belem- 
nites impressus^ Oabb. This conglomerate may be supposed to 
represent the Horsetown or late Shasta beds, which according to 
Dr. White correspond nearly to the Oault of Europe. This would 
presuppose an upheaval at the close of the Knoxville epoch and 
it may well be that this upheaval was caused by the extrusion of 
the serpentine, no pebbles of which, however, were noted in the 
conglomerate above described. 

^ Notes on a further study of the pre-Cretaceous rocks of the California 
Coast ranges; by Haboi.d W. Fairbanks; American Geologist, Feb- 
ruary, 1893. 

In the paper just reviewed Mr. Fairbanks treats of the geology 
of the northern coast ranges, and in the present paper of the dis- 
trict from San Francisco south. The extreme southern coast 
ranges are also treated of, but as they are not directly concerned 
in the question of the age of the Coast range metamorphic series, no 
remarks will be made upon that part of the paper. In general it 
may be remarked, that the author has revised the geology of a 
very large district, comprising in fact most of California, in a re- 
markabl}' short time. 

On page 70 of the present paper occurs the following: <'In 
my former paper I traced the Paleozoic rocks of Shasta county, . 
part Carboniferous and part probably Devonian, south along the 
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main coast range to San Francisco bay. The lithological features 
of the series were quite constant the whole distance, sandstone, 
slate and banded jasper predominating. The effects of intense 
dynamical action, resulting in crushed and contorted strata, and 
secondary silicification, in which these strata were filled with a 
network of minute quartz veins, were seen to be constant and dis- 
tinguishing features. With the exception of fossils of probable 
Paleozoic age from western Tehama county, none were found in 
this older series." The age of the metamorphic series is here 
definitely stated to be Paleozoic. 

On page 76 the author writes: **As far as I can learn, but 
two specimens of fossils have been found in the metamorphic 
rocks of the central coast ranges. One was an Inoceramus, pre- 
sented to the old state survey by Major Elliot, who found it on 
Alcatraz island, San Francisco bay." This Inoceramus was iden- 
tified b}' Dr. Gabb, paleontologist of the California survey, who 
named it after the discoverer. Dr. Oabb seems to have had no 
doubt of the fossil being an Inoceramus. It is figured and de- 
scril)ed in the Paleontology of California, vol. 2. 

According to the edition of 1889 of Nicholson and Lydekker*s 
Paleontology, this genus is confined to the Mesozoic. Mr. Fair- 
banks disposes of this evidence of the age of the sandstone of Al- 
catraz island in the following manner: 

*»A close examination of the island has recently been made, but 
no traces of any moUuscan remains have been found. The sand- 
stone of the island is identical with that of the mainland both 
north and south, which I hold to be pre-Cretaceous. ♦ ♦ * 
The specimen from Alcatraz island was not in good condition, 
and I think there is room for doubt concerning the correct deter- 
mination of this fossil." 

The author writes further on page 77: **The other fossil 
which has been made use of to determine the Cretaceous age of 
the coast ranges is a supposed Aucella from the Santa Lucia 
range, a little east of San Luis Obispo.* It was found by Mr. 
Turner while gathering material for the report on the quicksilver 
deposits of the Pacific coast. In ^Correlation Papers,*! Creta- 

ceous, Dr. White speaks of the most southerly known locality of 
the Aucella as near parallel 37 degrees 30 minutes north latitude, 

♦Geology of the Quicksilver Deposits, p. 381. 
fBull. U. S. Geol. Survey, No. 82. 
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that is, in the Mariposa beds, thus ignoring the specimen from 
San Luis Obispo, which ma}' have been determined wrongly. " 
The following letter on this point is self-explanatory : 

**Wa8HINGton, D. C, Feb. 8th, 1893. 
Dear Mr. Turner: 

In replj' to your note calling my attention to the fact that I had 
not referred in my bulletin, No. 82, of the U. S. Greol. Survey, to 
your discovery of Aucella at San Luis Obispo, I have only to saj' 
that the omission was inadvertent. The specimen which you send 
me with your note, with the statement that it was found at that 
locality, is an Aucella of the type that I have referred to A. con- 
centrtca. Very truly yours, 

C. A. White." 

It 3'et remains to be shown, however, whether or not the sandstones at 
Alcatraz island containing Inoceramus and east of San Luis Obispo 
containing Aucella are of the same age as the pht.hanites and asso- 
ciated hardened sandstones and diabases. There is a large amount 
of red phthanite on the San Francisco peninsula where it is largely 
used in making roads. Whether the * * San Francisco sandstone" 
is of the same age as the phthanite has not yet been proven in a 
satisfactorj' manner. My recollection is that there is no phthanite 
in the immediate vicinity of the sandstone near San Luis Obispo 
containing Aitcella^ and therefore this find cannot be taken as evi- 
dence of the age of the metamoiphic series. 

The San Luis Obispo sandstone, however, resembles to a re- 
markable degree the tuffaceous sandstone. No. 75, from Knoxville, 
which would seem to indicate that it is later in age than the phtha- 
nite and diabase. 

The best evidence that has been brought forward up to the pres- 
ent time for considering that the Knoxville beds are unconform- 
B.\Ay deposited on the Coast range metamorphic series appears to 
be, first, the apparently sharp contacts of the two sets of rocks, and 
second, the occurrence of the debris of the metamorphic series in 
the Knoxville beds. 

Mr. Fairbanks treats of the rock of the Gavilan range and its 
continuation southward on page 71. He considers the granite of 
that range intrusive in the metamorphic rocks, and gives some observ- 
ations on the relation of the two series in a side gulch of Nelson 
creek. 

The rocks next to the granite, however, are described as being 
limestone and mica schist. Further up the slope occur phthanites. 
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sandstone and serpentine, bat the granite was not seen in contact 
with these rocks, although they seem conformable with the lime- 
stone and schist below, in which the granite would appear to be 
intrusive. Although this suggests the granite being later than the 
Coast range metamorphic series, it can hardly be said to prove it 

The author states on page 72: <*This determines the ages of 
the two formations; and if it is a fact, as I believe it to be, that 
this granite is identical in age with that forming the great mass of 
the Sierra Nevada, the metamorphic rocks into which it has been 
intruded belong to the same series and were uplifted at the same 
time as the Sierra Nevada. " 

There is a specimen of the Gavilan granite and one of the gneiss 
in the collection of the United States Geological Survey obtained 
there by the writer. This granite is very different from that of 
the Sierra Nevada. It appears to be indeed a typical granite, 
and as shown b}' a thin section is composed of plagioclase, ortho- 
clase, quartz, and biotite, while the granite of the Sierra Nevada 
is usually homblendic with very little orthoelase. The two rocks, 
however, might well be of the same age, or it is even possible that 
the Gavilan granite is older than that of the Sierra Nevada, much 
of which is beyond a doubt of Mesozoic age. 

It is to be regretted that Mr. Fairbanks has not brought the 
microscope to his aid in his investigations. The relation of granite 
to sedimentary rocks could perhaps in this way be made certain, 
since the intrusion of granite into sedimentary rocks often 
causes the formation of contact minerals, mica, tourmaline, gar- 
net, etc. 

The following is presented merely as a working hypothesis: 

1st. That the granite, gneiss and metamorphic limestone of the 
Gavilan range and similar areas elsewhere in the Coast ranges are 
Paleozoic and probably Carboniferous in age. 

2d. That the phthanites, hardened sandstones, and diabases, 
are earlier than the Knoxville beds. 

3d. That the serpentine, gabbro, and perhaps the glaucophane 
schist, which is frequently associated with the serpentine, are post- 
Knoxville in age. 
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[Palbontological Notes from Buchtel College, No. 4.] 

THE CLADODONT SHARKS OF THE CLEVELAND 

SHALE. 

By E. W. Glaypolb, AkroD, O. 
Plates VII and VIII. 

The gigantic Placoderms from the shales of Ohio, now so famil- 
iar to paleontologists, were not the only fishes of its Upper Devon- 
ian seas. With them and sharing their empire we now know that 
there were abundant representatives of the family of sharks. Only 
during the last few years have the remains of the latter come to 
light. The earliest specimen was described and figured by Dr. New- 
berry in his monograph on the Paleozoic Fishes of North America 
under the name of Cladodus kepleri. It was found by Mr. Fyler 
in the Cleveland shale. Another and better specimen, found later 
by the Rev. W. Kepler, is noticed in the same place. Dr. N. also 
figures, but without description, what he considered a second spe- 
cies under the name of C. fyltri. This was found by Dr. Clark. 

From those two specimens we obtained our first and hitherto 
almost our only knowledge of the form of structure of these early 
elasmobranchs. Till then nothing was known save by inference 
from their teeth and spines which were usually dissociated. Being 
like all the other sharks largely cartilaginous in skeleton, they left 
no fossil bones or plates to immortalize their existence. 

These teeth and spines were named, and genera and species 
were founded upon them as a provisional and temporary arrange- 
ment with the consciousness that in not a few cases they might 
only represent different parts of the same individual. 

These facts will suffice to show the deep interest and immense 
importance attaching to the recent discoveries in the black shale 
of Ohio. 

Unfortunately the fossils are not very distinct, being, as are 
most of the specimens from this rock, heavily laden with pyrites. 
The labor and care necessary for their safe extraction can only be 
realized by those who have had experience in similar work. 

The teeth found with one of the fossils figured by Dr. Newberry 
clearly pointed to Cladodus as the genus to which the fish or 
rather the teeth belonged. This genus was founded by Agassiz in 
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1843 for the reception of this form, which is that of a striated and 
flattened median cusp with two or more lateral denticles, of which 
if several were present the outermost were the largest. In Clado- 
dus kepleri only a single denticle on each side of the main cusp is 
present. This is represented by Dr. Newberry on Plate XLIV, which 
also gives us the earliest representation of the fish that carried 
them. This and Plate XL VI supply all our knowledge on the sub- 
ject to date, except what we gather from a single ill-preserved 
specimen found in the Carboniferous limestone of Lanarkshire in 
Scotland and described by Dr. Traquair to the Geological Societ}' 
of Glasgow. A short notice of it appeared in the Geological Maga- 
zine for 1888. His specimen apparently differs considerably from 
those found in Ohio, and it is not easy at present to reconcile the 
characters of the two. 

On a careful and critical study of Dr. Newberry's desciiption, 
and the figures, it appears doubtful if they are suflSciently close 
for sure determination. He has apparently included more than 
one species in Cladodus keplert, while of 0. fyltri there is only a 
figure. In the light of the material now at hand we may amend 
the description of the former as follows, restricting it as much as 
possible to the form to which it most nearlj' applies. 

Cladodus keplexi 

Fish about thirty-three inches in length, with elongated body; 
rather slender, its greatest breadth being only four or five inches. 
Head bluntly rounded in front, sometimes almost squarish as pre- 
served. Pectoral fins rounded at tip, about four inches long and 
with about eighteen strong rays and membranous margin, two to 
three inches wide at base, front edge about six or seven inches be- 
hind snout. 

Teeth numerous with a single small denticle on each side of the 
main cusp and about one-fourth of its hight, striate. 

Dorsal surface covered with fine unornamented shagreen, ven- 
tral surface with spiral rows of fine, thin, glossy, wrinkled scales, 
simulating ganoid armor. 

Skin on the lower side of the space between the jaws and pec- 
toral fins wrinkled transversely. 

No trace of a notochord in any degree calcified. 

Ventral fins very soft and only leaving indistinct traces on the 

stone. 

Caudal fin showing a few strong rays above and below. 
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Near the tail the lateral margins of the body spread out horizon- 
tally, forming a membranous flap in structure resembling the mar- 
gin of the pectoral fins but without rays. 

No sign of a dorsal fin is shown unless it be where the caudal 
fin mentioned above is described. No trace of spines is seen in 
any part of all the specimens examined. Possibly there is some 
error on this point m the figure of C. fyltri given by Dr. New- 
berry. 

Oladodns darkL 

Fish about forty-five inches long, body slender, about seven 
inches wide. Head pointed in front, widening between jaw and 
pectoral fins. Pectoral fins shaped nearly as in C, hepleri, six 
inches long by four and a quarter inches wide at base; front 
edge about eleven inches behind snout; rays about eighteen, strong, 
the larger forking toward the tip. 

Teeth numerous, each with a single large denticle on each side 
of the median cusp and of about half its length, smooth, with 
slight longitudinal lines, but not striate; very small intermediate 
denticles at base. 

Head covered with fine smooth shagreen. Ventral surface with 
scales similar to those of C, kepleri. Skin on lower side of neck 
transversely striate. No trace of notochord visible. Ventral 
fins soft and showing scarcel}* any trace on the fossil. Hinder 
end of body not yet found. 

In the abdomen of the first specimen discovered lies a large co- 
prolite showing a spiral line apparently indicating the print of the 
intestinal valve of the sharks. 

Branchial openings five, plainly visible just in front of the pec- 
toral fins. 

Cladodns sinuatiis. 

Fish about thirty inches long (twenty-six inches preserved); 
body less slender than in the foregoing species, expanding, at least 
in the fossil, behind the pectoral fins and then rapidly tapering 
backward, the greatest width being nearly five inches. 

Head as preserved showing a very marked doubly curved out- 
line which is probably exaggerated by compression, the snout pro- 
jecting strongly forward and extending six and a half inches in 
front of the pectorals. 

Pectorals nearly straight in front (in the figure the concave 
ourve is too strongly marked); margin membranous and some- 
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what curved, four inches long by two and a half inches wide at 
base. Rays about six, thinner and fainter than in either of the 
former species. The whole fin indicates less power. Branchial 
rays five, well marked. Teeth not yet known, the reference ta 
Cladodus being provisional. No trace of dorsal and but slight in- 
dications of ventral fins can be found. 

The hinder end of the body is horizontal!}' expanded as in Cla- 
dodus kepleriy the thin membranous margin resembling in appear- 
ance that of the pectoral fins. The bases of two strong caudal 
fin-rays are visible near the very point of the body, but no other 
indication of the fin can be detected. 

OladodiLS xiTi-petrosL 

The total length of this specimen as preserved is between eigh- 
teen and nineteen inches, indicating a fish of twenty-four or twenty- 
six inches in total length. Body three and a half inches wide in 
front of pectorals and widening behind, slightly constricted in 
front of pectorals, from which to the snout it measures four and 
a half inches; snout rounded and blunt. Mandibles elongate and 
narrow, meeting in front and diverging rapidly near the hinder 
end, curving outward. 

Teeth of a strongly cladodont pattern, five preserved in left and 
four in right mandible, showing a median cusp and two lateral 
denticles on each side about one-fourth of the hight of the large 
cusp; outermost largest; median cusp slender, strongly striate to 
tip. 

A second pattern of tooth is shown in the figure, in which the 
median cusp is considerably curved and the lateral denticles more 
spreading. It is also smaller, scarcely exceeding one- half of the 
size of the other. It probably belongs to the other jaw. In 
front of four of these teeth stands another, almost as in Mono- 
cladodus J shorter but otherwise resembling the above. 

There is some doubt concerning the form of several of the teeth 
toward the back of the mouth as the lateral denticles are not well 
shown, but this probably results from imperfect exposure or defect- 
ive preservation. At least it is wiser at present to infer this than 
to insist on their absence. Of branchial rays four only are visi- 
ble, running well forward between the jaws and occupying nearly 
all the space between them and the pectorals. 

Pectorals about three inches long beyond the body and two 
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inches wide at base; tips of both missing; rajs seventeen or eigh- 
teen, radiating from the middle of base, margin slightly mem- 
branous. One of the ventral fins is slightly shown with eight or 
nine rays. 

In the place where the stomach of this fish lay during life is a 
mass of thin ganoid scales, among which close examination re- 
veals a thin and slender jaw set with fine sharp teeth. Obviously 
we have here the half digested relics of the last supper of the 
shark and at the same time a proof of the coexistence of a ganoid 
fish of which we had previously no knowledge. The remains 
scarcely admit of description or definition but the shark has thus 
unwittingly preserved for us a trace of other ichthyic life yet to 
be found in the Cleveland shales. Behind the stomach are the 
fossilized coprolites including fragments of a similar nature in a 
more advanced stage. 

I have named this species from the Kocky river, where the fossil 
was found by Dr. Clark. 

MONOCLADODUS. 

One of Dr. Clark's specimens shows, in spite of the necessary 
indistinctness incidental to a pyritized fossil, points of difference 
so strongly accentuated that it cannot strictly be included in the 
same genus as those already described. Yet in general appear- 
ance it so closely resembles them as to indicate a very close rela- 
tionship. The chief difference lies, as will be seen in the descrip- 
tion given below, in the teeth, and for these reasons I have chosen 
the term Monocladodus for the fossil. 

In mere size this fish is very distinct, far exceeding all those 
above described and this character would suffice for specific dis- 
tinction. But the marked divergence in the form of the teeth 
seems to warrant something more than this. Though a few so-called 
Cladodus teeth are known in which the lateral denticles are ex- 
ceedingly small, and perhaps one or two in which no traces of them 
can be seen, yet it seems on the whole preferable to adhere to the 
technical description and exclude from Cladodus all that do not 
exhibit them. 

Monodadodns darki. 

Fish about 63 inches long, slender, about eight inches in great- 
est width behind the pectorals. Head rounded in front, some- 
what sinuous at the sides, constricted in front of the pectorals. 
Pectorals very large and strong, eight inches long by five and a 
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half inches wide at base, and measuring twenty-two inches from 
tip to tip; fore margin curved backward, thirteen and a half inches 
behind snout; hind margin nearly straight; rays about twenty, very 
strong and bony, the longer forking toward the tip; margin mem- 
branous. 

Teeth numerous, well preserved, in two rows as shown in the 
figure, nine in one and five in the other, each consisting of a single 
cusp without lateral denticles, slightly striate below and rising 
from a forking base; base not projecting in front but extending 
backward inwardly as shown. In front view these teeth are 
strongly suggestive of the outline of Lamna, though the resem- 
blance disappears on examination of their bases. 

Striation moderately strong and not as in the former species 
consisting of a merely uneven surface ; front face of cusp nearly 
flat; hinder face curved or doubly sloping. 

A peculiar feature of the dentition of this fish is the fact that 
the teeth stand in pairs one close behind the other, as shown in the 
small figure. The outer one is frequently broken, but this has 
evidently been done during fossilization or extraction. At least 
four of those in the left mandible show this double character, and 
more than one of those on the right side. Some of the front teeth 
show what is apparently a small cusp lying close in the fork of 
the base of the larger one. These do not present the appearance 
of wear or of fracture as is usual in the outer row of the teeth of 
sharks where they are passing out of use, though this is probably 
the explanation of the position of the double teeth at the back of 
the jaw. 

No trace of the membranous expansion near the tail is seen in 
this fossil as in the C. sinuatus^ though in this region the slab 
was badly weathered before it was discovered. Its absence cannot 
therefore be inferred. 

The caudal fin is, however, unusually well shown and indicates 
a considerable hindward extension and attenuation of the body. 
Four or five strong fin-rays are visible above and below. 

Monocladodus pinnattis. 

The single specimen representing this species is less perfectly 
preserved than are most of the others, aud were it not for a single 
feature I should hesitate to consider it distinct. In length it ap- 
parently somewhat exceeds Monocladodus darkly but the hinder 
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end is lacking. The head shows, so far as can be determined, 
little of that constriction or neck that is so plainly marked in some 
of the other species. Its length from the snout to the front line 
of the pectoral flns is less than in M, clarki. But the pectoral 
fins are larger and more powerful than there, measuring from tip 
to tip at least twenty-four inches. In other details also we find a 
noteworthy difference. The mandible is only four and a half 
inches long, or about half as long as in the other species, and the 
teeth were apparently set in a circular form. They arc of the 
general form of the type with one slightly curved median cusp and 
a base extended on the inner side, but they are more slender 
than in M. clarki and are not striate. Kemnants of the eye cap- 
sules are visible, as in some of the other species. 

The most striking character of the specimen and the one which 
most readily distinguishes it from all the others is the great 
strength of the ventral fins, whence comes the specific name. In 
none of the others are these organs more than just visible, whereas 
here they equal the pectorals in solidity though not in size. 
They are short and rounded and contain about twelve strong bony 
rays largest in the middle. 

On the whole these characters seem to warrant a distinction and 
I therefore propose to call it Monodadus pinncUus. 

It is not probable that in all details the outlines here given are 
minutely correct. Pressure and mineralization have doubtless 
somewhat modified the shape of these fishes, but I have considered 
it advisable to represent them as they appear rather than to at- 
tempt any restoration beyond the effacement of slight obvious im- 
perfections especially in the margin. Beyond question future re- 
search and better specimens will introduce changes and improve- 
ments. But I think all the species here named can be differenti- 
ated by characters that can be readily recognized where the organs 
are present. 

I will not here enter on the discussion of the many interesting 
and important questions connected with the discovery of these 
cladodont fishes. This must be deferred to a future number of 
the American Geologist, as also the consideration of some 
other material less distinct and less fully examined. 
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DEEP WELL AT DELORAINE, MANITOBA. 

By J. B. Ttrrell, M, A., etc.. Ottawa.* 

The following paper is in part a reprint of an article published 
in the transactions of the Royal Society of Canada, Vol. IX, 1891; 
but at the date when that article was sent to the press, the well 
had not reached a depth of more than 1800 feet, and the section 
had not reached the bottom of the Benton shales. Now, however, 
the well has reached a depth of 1943 feet, and the drill has des- 
cended 108 feet into the Dakota sandstone, which is the forma- 
tion from which large supplies of artesian water are obtained in 
Dakota and other states to the south, and which is the only under- 
ground source from which a plentiful supply of good water could 
be hoped for in this part of Manitoba. A strong flow of water 
was obtained, but it will not rise to the surface, and is said to 
stand about a hundred feet below it. Boring has consequently 
been discontinued, and the question whether it will pay to pump 
water out of the well, or what supply of water can be obtained from 
it, 3'et remains to be solved. 

The well was sunk by William Ward for the town of Deloraine, 
which is situated at the terminus of the Pembina Mountain branch 
of the Canadian Pacific railway. The town is in the southeast 
quarter-section of section 10, township 3, range 23, west of the 
principal meridian, in Manitoba. The well is about a hundred 
yards north of the railway station, on a level alluvial or lacustral 
plain stretching northward from the base of the Turtle mountain 
towards the Souris river. It was begun in November, 1888, in the 
hope of finding a large supply of water at a moderate depth, for 
there is no permanent stream in the vicinity, and the water of 
Whitewater lake, which lies on the plain about three miles distant, 
is quite highly charged with sulphate of soda and other saline in- 
gredients. 

The machinery used was a percussion drill, supported by jointed 
rods, and worked by a small stationary engine. The well is cased 
with iron tubing, which decreases in diameter with the increase in 
depth, the smaller sizes sliding down within, and extending below 
the larger, which latter, therefore, merely serve to support the upper 

*PubIished with permission of the Director of the Canadian Geolog- 
ical Survey. 
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portion of the smaller. The following are the diameters and 
depths of the various casings: 6^ inches, 658 feet 7 inches; 5^ 
inches, 1226 feet 10 inches; 4^ inches, 1777 feet; 3^ inches, 1920 
feet. 

The drillings were raised with an ordinary sand pump. In many 
parts of the well water had to be poured in to enable the drill to 
work, and the drillings to be removed; but when the Dakota sand- 
stone was reached the water rushed into the casing, carrying along 
a large quantity of sand which filled the tube for about 250 feet. 
This sand packed very hard and was taken out with some consider- 
able difficulty. Afterwards the water rose more quietly to a 
hight of about 100 feet below the surface, where it stands at pres- 
ent. The water is slightly saline, an analysis by Mr. Hoffmann 
of the Canadian Geological Survey showing it to contain in an 
Imperial gallon (=1.2 American or wine gallon) chloride of so- 
dium 309 grains, bicarbonate of soda 94 grs., sulphate of soda 28 
grs. , other ingredients 15 grs. 

In June, 1 889, the well had reached a depth of 975 feet and up 
to that time no clearl}*- marked specimens had been kept, and the 
log is given below very much as it was received from the driller. 

At a depth of 1050 feet the collection of a sj^stematic series of 
specimens from every five feet was begun, and was carried down 
to 1285 feet, between which depth and 1335 feet six specimens 
were obtained, numbered merely in consecutive order. This latter 
depth was reached in October, 1889, and then operations were 
suspended for a short time through lack of the necessary funds to 
continue the work. During this month the writer paid a short 
visit to Deloraine, examined as far as possible the work done up 
to that date, and obtained from Messrs. Stuart, Martin and Cowan 
the specimens collected. In company with the same gentlemen a 
visit was also paid to the northern boundar}- of the Turtle moun- 
tain, and the beds composing it were hastily examined. 

During the following winter work on the well was resumed with 
thca^distance of grants from the Canadian government and the 
Canadian Geological Survey, and with very few exceptions speci- 
mens were kept from every five feet down to a depth of 1660 feet. 

Below 1660 feet specimens were collected at irregular intervals, 
and especiall}' wherever there appeared to the driller to be any 
change in the character of the rock. The work also received the 
constant attention of Dr. Selwyn, director of the Canadian survey. 
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and ali available information has been placed by him in the hands 
of the writer. 

The occurrence of a band of ' *greensand, " composed of the 
casts of foraminifera in glauconite, at the base of the Benton 
formation, is an interesting new feature in the geology of the west- 
ern Cretaceous. 

The following is a S3'nopsis of the log as at present determined: — 

HiGHT OF Surface in Feet above Sea Level, 1,644. 



No. 



5 
6 

7 
8 

9 

10 
11 
12 

13 



14 
15 
16 



17 



DESCRIPTION. 



Black soil 

Clay, with some small ) 
pebbles f 

Hard blue clay, withpeb- i 
bles f 

Fine black sand and gravel 

Light blue-grey shale 

Black sand, with water 

Blue shale 

Soapstone, with thin lay- ) 
ers of lime rock ) 

Blue clay, with round ) 
''boulders'' ) 

Dark blue-grey shale 

Grey shale 

Mottled grey calcareous } 
shale ) 

Dark non-calcareous, or 
but very slightly cal- 
careous, shale 

Orey calcareous shale 

Dark non-calcareous shale. 

Dark greenish-grey shale \ 
with many ct^pts of for- [• 
aminiferain glauconlte ) 

Sandstone with rounded ) 
grains j 



Thick- 

uess of 

layer In 

feet. 


Depth 
of bot- 
tom of 
layer 
from 
surface. 


3 


3 


30.5 


33.5 


56.5 


90 


4 


94 


56 


150 


.5 


150.5 


235.5 


386 


401 


787 


188 


975 


75 


1050 


25 


1075 


200 


1275 


135 


1410 


185 


1595 


215 


1810 


25 


1835 


108 


1943 



Hlghtin 

Feet 

aboTe 

Sea. 



1641 
1610.5 

1554 

1550 
1494 
1493.5 
1258 

857 

669 

594 
569 

369 

234 

49 
-166 

-191 
-299 



FORMATION. 



Pleistocene. 
91 feet. 



S Pierre. 
(Odanah series.) 
292 feet. 



J 



Pierre. 

(Millwood 
C series.) 

I 664 feet. 



Niobrara. 
545 feet. 



I 



Benton. 
240 feet. 



) Dakota. 
) 108+feet. 



Nos.l and 2. — These are not improbably stratified deposits laid 
down in the bottom of the postglacial lake Souris, which stretched 
northward from Turtle mountain and covered the country for many 
miles around Deloraine. Near the foot of the mountain the land 
in places becomes gravelly, and occasionally a few boulders are 
scattered over it. A couple of miles south of Deloraine the sur- 
face rises in an easy slope for about fift}' feet to a wide, even ter- 
race that runs back to the base of the higher and rougher portion 
of the mountain. It clearl}' represents one of the shore terraces of 
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an ancient lake, but the extent of the lake has not 3'et been clearly' 
defined. 

No. 3. — This is undoubtedly a hard blue-grey unstratified till 
with pebbles and boulders. Similar till has been thrown out of 
the railway tank well at the Deloraine station, which was dug to a 
depth of a hundred feet, passing through the Pleistocene deposits 
into the underlying Cretaceous shales. 

No. 4. — This bed would appear to be a coarser-grained till, but 
whether it differs in age from the till overlying it is uncertain. At 
the bottom of this layer a moderately strong flow of water was 
obtained, rising to within twenty-five feet of the top of the well. It 
is more or less impregnated with sulphate of soda. 

No. 5. — A light bluish-grey, moderately hard, non-calcareous 
clay shale, typical of the Odanah series. Excellent specimens of 
this shale were obtained from the railway tank well, a few hundred 
3'ards to the west. This series has already been described by the 
writer,* and was previously very well described by Dr. G. M. 
Dawson, t as the upper portion of his Pembina Mountain group, 
from exposures in the valley of the Pembina river, etc. During 
the summer of 1 890 the same formation was traced in the valley of 
the Assiniboine river, from the mouth of Arrow river to the vicin- 
ity of Oak lake, on the Canadian Pacific railway, and near the 
latter place was found to contain a few fragmentary fish remains, 
with the shell of an Ostrea?^ and impressions of portions of the 
prismatic shell of Inoceramus, Prof. Culvert also states that 
similar shale outcrops as far south as La Moure, near the south 
line of North Dakota, and that in it he succeeded in finding a few 
fossils, the best an laoceramus, and casts of a little Baculite. 
These observations clearly prove an extensive areal development 
for this series of brittle light grey clay shales, and also that it 
belongs to the marine Cretaceous of the Western Plains. As was 
stated in the introduction, it is overlain by the coarse Laramie? 
sandstones of the base of the Turtle mountains. 

No. 6. — A considerable flow of water was obtained from thi» 

♦**The Cretaceous of Manitoba," by J.B. Tyrrell, Am. Jour, Set., 3d 
series, vol. xl, p. 227, Sept., 1890. 

f**Geology and Resources of the 49th Parallel,'' by G. M. Dawson, Mon*-^ 
treal, 1878, pp. 81-85. 

^A report on the preliminary Investigation to determine the proper 
location of artesian wells, etc. U. S. Senate Document, No. 222» Wash- 
ington, 1890, p. 59. 
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thin band of sandstone. The almost utter absence of sandstone 
in the Pierre of this section is very noticeable, since sandstone 
enters so largely into the composition of the same formation farther 
west. 

No. 7. — Apparently the same as No. 5, giving theOdanah series 
a thickness in this well of 292 feet. 

Nos. 8 and 9. — In all probability these are both included in the 
Millwood series, representing the lower darkgre^* shales of the 
Pierre formation. The '^boulders" are nodules of calcareous iron- 
stone such as ai*e found in abundance in this formation on the 
banks of the Assiniboine river, in the vicinity of Millwood. Some 
shells of spiral gasteropods are stated to have been found at a 
depth of 845 feet, but none were seen by the writer. 

No. 10. — This band has been placed at the base of the Millwood 
series, which thus is given a thickness of 664 feet, but some or all 
of it may more properly belong to the top of the underlying Nio- 
brara formation. If it were given the latter position it would 
represent the band of dark unctuous clay with much carbonaceous 
matter, etc. , that is placed at the top of the Niobrara formation 
in Messra. Meek and Ha3*den's Missouri section. A specimen 
from 1010 feet consists in part of a soft bluish-gre^^ clay shale, and 
in part of a light grey cla3'ey limestone. Another specimen from 
near the same depth contains a considerable amount of crystalline 
pyrite. 

No. 11. — A very dark grey, soft, unctuous, and very slightly 
calcareous clay shale, containing a few fragmentary remains of 
fishes, and at the top a few foraminifera (Anomalina sp.),with the 
cells filled with pyrite. Mr. Hoffmann, of this Survey, states that 
the loss from this rock on ignition is 18 per cent., representing 
the amount of carbonaceous matter and water in the dried ma- 
terial. 

This band has been placed at the top of the Niobrara formation 
in the section, as it is the highest bed from which foraminifera 
have been definitely recognized. 

No. 12. — A mottled grey calcareous shale or marlite, contain- 
ing, in varying numbers, foraminifera, prisms of the shells of 
/nocemwiu*, fragments of fish remains, crystalline masses of pyrite, 
occasional fragments of the pearl}- shells of Ostrea^ and crj^stals 
of selenite. The following list gives the results of the examination 
of the specimens from every five (or ten) feet: — 
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1075. Slightly calcareous shale, with fish remains, a few foramiDifera, 
Inoceramu8 prisms, and crystals of selenite. 

1080. Soft, moderately calcareous, dark grey, mottled clay shale, with 
small crystals and crystalline masses of pyrite. 

1085. Similar shale, with several species of foraminlfera, some fish re- 
mains, and a large amount of pyrite. 

1090. Similar shale, with foraminifera and fish remains. 

1100-1105. More calcareous shale, with large amount of pyrite. 

1110. Highly calcareous mottled shale, with fish remains, Inoceramus 
prisms,and many foraminifera. 

1115. Dark and light clay shale, both highly calcareous, containing 
pyrite, prisms of Inoceramus, fish remains, and many species of 
foraminifera, of which Mr. C. Davies Sherborn has kindly deter- 
mined the following, viz.: — Olobigerina crettvcea^ d*Orb., G, hul- 
loideSy d'Orb., CristellarUi rotuUUa, Lam., PlaTwrbulina ammo- 
ruMeSy Reuss, Anomalirui rotuUiy d^Orb., Bulimina variahUis, 
d'Orb., Textularia glolmlosat Ehr., Veriietiilina triquetral d'Orb., 
MarginuUna variohtlw, Neug. 

1120. Very similar shale. 

1125. Slightly calcareous clay shale, with fish remains, Inoceramus 
prisms, a few foraminifera, and crystals of selenite. 

1130. Soft light-grey clay shale, with many fragments of shells of Tnocera- 
mu8 and Oatrea, and many foraminifera, crystals of pyrite and 
selenite. • 

1134-1140. Similar shale, with crystals of pyrite, and a few badly pre- 
served foraminifera and prisms of Inoceramus, 

1145-1180. Similar shale or marl, with pyrite, fish remains, Inocera- 
mus prisms and many foraminifera, Globigerlna cretacea being 
especially abundant. 

1185-1195. Slightly calcareous shale, a few fish remains, crystals of sel- 
enite and a few foraminifera. 

1205. Slightly calcareous shale, a few fish remains, and irregular frag- 
ments of calcite and selenite. 

1310-1245. Similar shale, with pyrite, a few fish remains, foraminifera, 
and prisms of Inoceramus, 

1250-1275. Similar shale, with fish remains, prisms of Inoceramus^ 
pieces of shells of Ostrea, a few foraminifera and crystals of py- 
rite. 

No. 13. — The material brought up by the drill in this part of 
the boring is generally a very darkgrey,8oft, unctuous, and but 
slightly calcareous clay, from which were separated by washing 
some fine graphite-like flakes of clay shale. These have much the 
appearance of the Benton shales elsewhere in Manitoba, and were 
previously regarded as such by the writer; but as this band comes 
between two highly calcareous zones, it has been thought advis- 
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able to group it in with the Niobrara formation. The following 
list gives the particulars of some of the beds: — 

1280. Dark grey non-calcareous clay shale, with a few fish remains and 
many crystals of selenlte. 

1285-1295? Dark slightly calcareous shale, with a few prisms of 
Inoccramvs and fragments of fish remains. 

1300 ? Similar shale, with a few specimens of Olobigerina creUicea. 

1305-1345. Dark, unctuous, non-calcareous clay shale. 

1350. Similar shale, with fragments of a nodule of calcareous iron- 
stone. 

1355-1380. Similar shale breaking into minute flakes. 

1385. Slightly more compact shale. 

1390-1395. Similar shale, with a few crystals of selenlte. 

1400-1405. Similar shale, without selenlte. 

No. 14. — This series is a downward continuation of the last, 
the shale gradually becoming more calcareous, till it appears to 
terminate in a band of coarse fragmental limestone, called sand- 
stone by the driller. From this limestone band there was a con- 
siderable flow of water which rose rapidly in the pipe to within 
eight feet of the top. The water had a flattish taste from the 
presence of salts of soda. This limestone band is regarded as the 
base of the Niobrara formation. The following is a serial de- 
scription of the beds: — 

1410. Dark grey non-calcareous clay shale, with a few rotaline foramin- 
ifera, and some moderately largo fragments of the shell of Inocer- 
amus. 

1415-1425. Similar shale, with a few fragments of fish remains, but no 
foraminifera. 

1430-1445. Similar shale, with a few prisms of Inttcernmus, 

1450. Lighter grey calcareous clay shale, with large and small prisms 
of the shells of Inoceramus^ pieces of sliells of Ostr&h and a few 
fragmentary fish remains. 

1455. Similar shale, with a large number of foraminifera, Objhlgerlna 
cretacea being especially abundant. 

1460-1485. Similar shale, with a few Itu»ceramiiH prisms, and a greater 
or less number of small foraminifera belonging to such genera as 
Textularia, Anomallna^ etc. 

1490-1510. A light-grey calcareous shale, with numerous specks of 
pyrite, many small species of foraminifera, prisms of liwceramus^ 
and pieces of the pearly shell of Ostrciu and Hsh remains. 

1515-1555. A harder grey calcareous shale, holding similar organic re- 
mains, in varying quantities. 
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1565. Dark grey slightly calcareous thin-bedded shale, holding a few 
foraminifera, and fragments of fish remains. A considerable 
flow of water was here struck and rose to within 200 feet of the 
surface. 

1570. Dark grey non-calcareous thin-bedded shale, without organic re- 
mains. 

1575. Dark grey clay shale, with many fragments of the shells of 
Inoceramxis. With these are a few species of foraminifera of 
such genera as Textularlay AnomaUnat etc., with fragmentary 
fish remains, and moderately large masses of pyrite. This gritty 
or fragmental layer formed the sandstone of the driller, and from 
it quite a large supply of water rose in the casing. 

1580-1590. Dark grey clay shale, with a few corroded prisms of Inocera- 
mii8y small foraminifera, and fragments of fish remains. When 
the drillings are washed almost everything is carried away in the 
water as a fine mud. The latter specimen, when drying, became 
covered with a white efflorescence of sulphate of soda? 

1595. Similar shale, breaking down into thin flakes, and containing 
small cubical crystals of pyrite, prisms of InoceramuSj fragments 
of fish remains, and pieces of the shell of Ostrea, but no recogniz- 
able foraminifera. 

No. 15. — Consists throughout, as far as could be deteiinined 
from the specimens, of a dark gre^', non-calcareous clay shale. In 
its upper portion it is apparently very bituminous, and breaks 
into minute flakes, while below it is somewhat lighter in color, is 
often harder, and contains minute angular grains of clear quartz 
sand. 

The following is a more detailed categorical description of the 
beds passed through: — 

1600. Dark grey and rather hard fissile clay shale, brought up in frag- 
ments, some of which are more than an inch and a half in great- 
est diameter. It is quite free from calcareous matter, and under 
the microscope shows no traces of organic remains, but a few 
globules of pyrite may be seen. 

1605-1620. Soft, darkgrey, unctuous, non-calcareous clay shale, breaking 
into thin, scaly flakes. No trace of organic remains. 

1620-1645. Similar shale, with minute fragments of fish remains. 

1655. Similar shale with traces of pyrite, mixed with a few particles of 
fine white soft sandstone, possibly adventitious. The specimen 
as returned was composed almost entirely of a soft, impalpable 
clay, and the fragments of shale, etc., were procured by washing 
a considerable quantity. 

1660. Soft, dark grey, fissile, non-calcareous shale, with a few minute 
fragments of fish remains, and pieces of concretionary nodules of 
limestone, and crystalline masses of pyrite. 
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1665-1715. No specimens received, but stated to be a similar dark grey 
shale. 

1720. A large proportion of the specimen received is a soft clay that is 
readily washed away by the water. What remains is a grey non- 
calcareous clay shale, much lighter in color than the last, is 
rather compact, and does not break into thin flakes. It contains 
a few fragments of fish remaini, and some fine irregular angular 
grains of clear quartz sand. 

1730. Similar shale, through which the fine sand is seen to run in thin 
streaks. 

1735. Shale similar to the last with some crystalline aggregates of py- 
rite, and a considerable number of fragments of a hard, very 
slightly calcareous fine-grained sandstone. 

1745. A similar dark grey clay shale, with a few fragments of soft gran- 
ular sandstone, but without any of the hard sandy fragments seen 
in the last specimen. 

1800. A light grey, rather hard, fissile, non-calcareous clay shale, with a 
few small crystals or crystalline masses of pyrite. Some of the 
fragments procured were an Inch or more in diameter, and in one 
of them was a small imperfect shell of a Lingula, 

1808. Dark grey, rather hard, thinly fissile, non-calcareous clay shale. 

No. 16. — A dark grey or greenish-grey clay mixed with sand, 
which in the upper portion is composed almost exclusive!}' of casts 
of globigerine forms of foraminifera in glauconite, while in the 
lower portion these appear to be largely replaced by rounded 
grains of white quartz. The specimens examined were as follows: — 

1815. The specimens of the drillings consisted of dark-grey soft non- 
calcareous clay. On washing this mud a large quantity of beau- 
tiful green sand Is left in the bottom of the beaker. Under the 
microscope this sand is seen to be composed of casts In glmiconUe 
of the interior of foraminifera, chiefly of the genus OUtblyerina, 
With the glauconite casts are a few grains of clear quartz, and a 
few small particles of shale, consisting of glauconitic casts of 
foraminifera cemented together by calcite and pyrite. 

1820. Dark grey, soft non-calcareous or very slightly calcardous clay^ 
from which a large number of casts of foraminifera in glauconite 
were washed out. In the drillings was a fragment of a calcareous 
nodule. 

1825. Dark grey non-calcareous clay. The residue, after washing, con- 
sisted of well rounded grains of white quartz, and small irregular 
masses of pyrite, with a few casts of foraminifera in glauconite. 

1830. Dark grey, soft, non-calcareous mud. The washed residue is com- 
posed largely of rounded grains of white quartz. With these are 
mixed some small masses of pyrite, and a few casts of foramini- 
fera In glauconite. 

No. 17. — Coarse and fine sandstone, often almost inooherent. 
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but varied with occasional hard bands. The grains, which are 
chiefly of white quartz, seem to be all well rounded. The top of 
the formation is a band of hard sandstone on which the casing 
rested till the i*ock was undercut beneath it No specimen of this 
top band was seen by the writer. 

A considerable flow of a slightly saline water was obtained from 
this sandstone. The water does not rise to the surface but stands 
about a hundred feet below it 

The specimens of drillings examined are as follows: — 

1841. Sand consisting of rather small rounded graftis of white quartz, 

mixed with fragments of clay. Water was here struck, and rose 

rapidly to the surface. 
1843. Coarse sand, consisting of large well rounded grains of white 

quartz, with some small masses of pyrlte. 
18.57. Similar coarse rounded quartz sand, with fragments of calcareous 

nodules. 
1863. Similar well rounded quartz, a few small masses of which are 

firmly cemented together with pyrite. 
1943. Fine, light brown, well rounded, homogeneous quartz sand. The 

boring did not reach the base of the Dakota sandstone. 



EDITORIAL COMMEKT. 



Prop. Youmans and the United States Geological Survey. 

In the April number of the Popular Science Monthly is an article b}'' 
professor E. W. Clay pole, criticising the assailants of professor G. F. 
Wright for their severe and in several cases uncourteous attacks 
upon him on occasion of his recent publication of ^'Man and 
the Glacial Period. " The paper is a merited and reasonable rebuke, 
and though sometimes severe it does not exceed the bounds of 
justice or go outside the coterie chiefl}'^ concerned. 

In the same number the editor of the Monthly has printed a 
caustic note calling attention to Dr. Clay pole's article and adding 
some severe criticisms of his own. So far as concerns the writers 
at whom the remarks in the former paper were aimed these are 
richly deserved and will we trust be read with profit Professor 
Youmans tells them some good and wholesome truths which it 



Editorial Comment. 843 

would have been as well if they had recalled before they put their 
pens to paper in their recent attacks on a fellow-geologist. He 
has no mercy for the officials who make use of their position to 
attempt to crush out a scientific rival of whom they seem to be 
either jealous or afraid. His note concludes with a sweeping 
condemnation of the United States Geological Sur\'ey on account 
of its dictatorial and inquisitorial conduct 

While thus fully admitting that the flagellation administered by 
professor You mans is richly deserved by the high offenders who 
have in so flagrant a manner betrayed the confidence of the 
country, we feel that the words employed are scarcely sufficiently 
guarded to avoid striking the innocent with the guilty. Dr. Clay* 
pole's paper is strictly limited to the criticism of the actual of- 
fenders who may be identified by the references given. Thus 
none are touched save those who have committed the faults. But 
in including the whole staff of the United States Geological Survey 
within his castigation professor Youmans has, we fear, punished 
with less discrimination.- It is seldom just to hold a whole 
company responsible for the faults of a few. The survey corps is 
composed of men of very different natures and qualifications, and 
we doubt not that there are among its members not a few whose 
nobility would scorn to utter the words which have been uttered 
in this controversy. They may not have been willing to come out 
as men should do in condemnation of an unprovoked wrong. 
Professional etiquette may have been too strong for their higher 
feelings. But we cannot for that reason hold them guilty on the 
main count. 

We may add yet further that we believe from personal knowledge 
that not a few of the professional members of the Survey (late and 
present) must feel the same indignation that has been expressed 
in so many quarters at the wanton assault upon pix)fessor Wright, 
whether they agree with his views or not. For these reasons we 
regret the general terms employed by professor Youmans and wish 
that he had been more discriminating in his censure which would 
then have been more effective. But for those by whom they are 
deserved, such as the writers at whom Dr. Claypole's criticisms are 
aimed, they are admirably suitable and timely, and all friends of 
freedom in scientific discussion and elsewhere will thank him for 
having printed them. 
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REVIEW OF RECENT GEOLOGICAL 

LITERATURE. 



Report of the State Board of Geological Survey [Michigan], for the 
years 1891 and 1892. Lansing, 1892. Roy. 8vo., pp. 192. 

This document sets forth the expenses of the survey from its incep- 
tion to November 22d, 1892, exclusive of the cost of publication, also 
contains the reports of Dr. C. Rominger for the years 1881-2 and 1882-3; 
of Mr. Charles E. Wright for the years 1885-8; of Dr. M. E. Wadsworth 
for the years 1888-92, made to the State Board of Geological Survey for 
the years named; also a provisional report by Dr. M. E. Wadsworth 
upon the geology of the iron, gold and copper districts of Michigan. It 
is preceded by an administrative report signed by the three members 
of the board, who are, ex-officio, the governor, the superintendent of 
public instruction and the president of the board of education. The 
financial statements disclose some interesting and even remarkable 
facts. 

From 1837 to 1845 the total cost of the survey was $32,829.03, and of 
the appropriations made, aggregating $40,000, $7,170.97 were **returned 
to the State" unused. 

From 1859 to 1892 the total appropriation has been $160,000 and of 
this the amount used has been $109,51*9.33, and the rest of the appropri- 
ation, amounting to $63,207.92, has been ''charged out," i. e., returned 
to the State. Since 1871 there has been available an annual fund of 
$8,000, and during only two of those years has it been fully expended. 
Between 1845 and 1859 there was no survey in progress. In 1859 the 
survey was re-commenced, but was interrupted by the civil war, till 
1871, when the annual appropriation was begun. Prior to 1871 and 
after 1859 there were appropriations from the general fund for two 
years, aggregating $5,000, and during 1861, 1862 and 1870 small sums to 
pay expenses formerly incurred, $1,080.91. 

The non-use of the appropriated fund after 1845 was doubtless due to 
the death of the state geologist. Dr. Douglass Houghton, who wa» 
drowned October 13, 1845,* and who was both state geologist and geo- 
logical board. The available fund between 1859 and 1862 seems to have 
been entirely used, amounting to $6,000. A. Winchell was then state 
geologist. On the revival of the survey in 1869, again under Prof. 
Winchell, the annual appropriation was $8,000. Prof. Winchell served 
two years and resigned. The years 1869, 1870 and 1871 are unrepre- 
sented in the schedule statement (on p. 24), but, beginning with 1871 an 
annual appropriation was available under a general law. The remark- 
able feature of this schedule is the fact that more than one-third of the 
available fund of the survey, between 1871 and 1893 has been left un- 
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used so long in the treasury of the State that finally It was returned to 
the general fund of the State, the total sum thus lost to geological 
science In Michigan being 8onieth4ng over sixty-three thousand dollars. 
The same geological board has had charge of the survey during the 
whole of this period, though the personnel changed nearly every year. 
The statement of the board contains several strictures on the negli- 
gence of their predecessors, and laments the dilatory manner in which 
the geological survey has been carried on, but properly assigns the 
cause to the over-burdened and under-paid condition of each of the 
ofiBcials who belongs to the board. 

**Should the legislature permit the survey to continue in the future 
as it has in the past, no definite limit can be fixed as to the time when 
the survey will be completed. The members of the board are all such 
ex-offlcio. The governor of the state of Michigan is a hard-worked 
official. His duties are many and onerous. The superintendent of 
public instruction has but a meagre salary, and while he receives but 
$1,000 per annum for his services, the State receives from him in the or- 
dinary discharge of his duties several times that amount. There is no 
board in the state, perhaps, upon whom so many varied duties devolve 
as upon the state board of education, and the president of that board, if 
he does his full duty, cannot be expected to spend much time upon any 
other board. The present incumbent of that office has given more than 
six weeks of his time to the survey and has received therefor $45 in per 
diem.'' 

To remedy the defects pointed out, the board recommend strongly 
that the commissioner of mineral statistics, now an independent officer, 
be made a subordinate officer of the board with instructions, with his 
other duties, to spend his entire time in the service of the board look- 
ing after the property and records of the board, and keeping the board 
informed of the condition of the survey. 

That part of tlie volume which contains a **Sketch of th^ geology of 
the iron, gold and copper districts/* by M. E. Wadsworth, the state 
geologist, possesses the chief scientific interest, as it covers many of the 
prominent unsettled questions of the geology of the crystalline rocks in 
the Northwest. It embraces an abstract of the results attained by the 
Michigan Geological Survey, under the late state geologist, C. £. 
Wright, and by Dr. Wadsworth, and gives a somewhat connected dis- 
cussion of the different formations and of their relations 

Under the term AzalCf which he prefers rather than Archaean, he 
embraces three formations to which he gives local names, viz.. Cascade, 
Republic and Hoi yoke. The terms Algonklan and Keweonawan find 
no place in this report. These new terms were used by Dr. Wadsworth 
first in 1891, for formations whose unconformable relations had been 
made out by the Michigan survey. 

After the presentation of a rather peculiar general classification of 
rocks, the vicinity of the Volunteer mine is cited as the typical locality at 
which the Cascade formation was named. Here can be seen the three 
Azoic formations plainly exhibiting their inter-nonconformity, sepa- 
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rated by two basal conglomerates. The description would indicate that 
the Cascade formation is the equivalent of the Vermilion of Minnesota, 
or the Ck>utchiching of Manitoba. It is an old hornblende schist in- 
vaded by irruptive granite. In the same formation is much gneiss 
traversed by basic and acid dikes. 

The Republic formation embraces breccia, conglomeratic schist,, 
quartzyte, dolomyte, jaspilyte, granite, felsyte, diabase, porodyte and 
porphyryte. These have a tendency toward chloritic, talcose or hy- 
drous mica schist. The dolomyte is interbedded with quartzyte, and is 
white, flesh-red, light or dark gray and often silicious. The Jaspilyte 
is the iron-ore rock of the formation. It is described from two points 
of view, viz., an eruptive origin and a sedimentary origin. The iron 
ores of this formation are situated, according to the conception pre- 
sented in the report, between two conglomerates, one being supposed to- 
be at the base of the Republic and the other at the base of the Holyoke, 
the former being evidently the equivalent of the Keewatin. 

The Holyoke formation which is that which corresponds with the 
iron-bearing formation of the Penokee and the Mesabi ranges (the 
Taconic of the Minnesota reports), embraces a great variety of lithol- 
ogy, viz.: 1. (Conglomerate, breccia and conglomerate schist. 2. Quartz- 
yte. 3. Dolomyte. 4. Arglllyte, graywacke and schist. 5. Granite 
and felsyte (?). 6. Diabase, dioryte and porodyte. 7. Peridotyte, ser- 
pentine and dolomyte. 8. Melaphyr or picryte. 9. Diabase and 
melaphyr. 

**The conglomeratic schists are often quite chloritic, and pass Into chlor- 
ite schists and argillytes without showing any trace of their conglomerate 
structure.*' The quartzyte is that which is well known as the basal 
member of the Taconic in Vermont, the granular quartz, and partakes 
of the characters, of the underlying formation, even shading into and 
alternating with conglomeratic portions and with chloritic debris. 
This quartzyte sometimes fills fissures in the underlying formation, 
causing the appearance of dikes of sandstone, such as those that have 
been described in California and elsewhere. To such dikes Dr. Wads- 
worth gives the name clasolite, using the term as a generic one, whether 
the fissures were filled by deposition from above, or by earthquake or 
water action from below. ''It Is an open question whether some of the 
argillytes and schists now found cutting the iron ore beds have not been 
formed as clasolites rather than as true dikes. A similar formation 
might be produced by soft clayey rocks, if, when the associated rocks - 
were folded, the clayey material were squeezed into fissures or between 
beds." 

It is not certain yet, according to the report, whether the dolomyte 
supposed to belong in the Holyoke,may not be rather a member of the 
Republic. 

The upper portion of the Holyoke formation develops into **a pecu- 
liar grayish argillitic sandstone which contains some feldspar," and the 
term graywacke has been provisionally applied to this. It grades into 
an argillyte and as such furnishes roofing slates, though the rock is sO' 
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Jointed that the industry has not yet proved to be profitable. Large 
areas, fifty miles in extent, are supposed to be underlain by such slates. 
This is a grand feature which allies the *Holyoke slates with the Thom- 
son (Taconic) slates in Minnesota, and with the supposed **Lower Cam- 
brian'' slates of the Huronian region in Canada southeastward from 
Vermilion lake in the vicinity of Sudbury. 

The hypothetical granite and felsyte of the Holyoke formation con- 
sist now of schistose rock, mainly chloritic, cutting the bedding in the 
form of dikes, and they may instead have originated from **porphyryte8 
or diorytes." 

Peridotyte, serpentine and dolomyte, placed by the report in the 
Holyoke, compose that rock seen at Presqu' Isle and northwestward 
from Ishpeming, and these rocks, constituting a geological unit, are re- 
garded as the "youngest of the large intrusive masses seen thus far in 
the Marquette district.'' The wrlter,on the other hand, considers them 
a constituent part of Dr. Wadsworth's Republic formation,but not altered 
eruptives in the usual acceptation of that term. The materials of which 
they are composed were water-stratified, but of the nature of volcanic 
tufif, originating in Archaean time and '^altered" in Archsean time 
by the waters of an Archaean ocean. 

The melaphyr and picryte are prob]ematical,schistose rocks of a dirty 
brownish or grayish color seen on the islands north of Marquette, sup- 
posed to be "altered" andesytes or peridotytes. The dikes of diabase 
and melaphyr are the youngest of the eruptive rocks of the region, and 
are not known to cut the "Eastern sandstone." One such dike is known 
(on Presqu' Isle) to be overlain by undisturbed, horizontal "Eastern 
sandstone." 

According to observations made by Mr. A. E. Seaman in the vicinity 
of Bessemer, and in T. 46-41, there seem to be two sandstones closely 
associated with the diabases of the Eeweenawan, one of which is indur- 
ated, conglomeratic, rests on steeply inclined green schists, and in 
places is a quartzyte; the other is near adjacent, friable, with spots of 
deoxidation like the "Eastern sandstone" and contains pebbles of mela- 
phyr and large,angular fragments of Indurated sandstone which he con- 
siders derivable from the indurated sandstone outcrop adjacent. If 
this indurated rock be not the underlying quartzyte of the iron-bearing 
series of the Taconic, Mr. Seaman's reasoning tends to show the occur- 
rence of a break and an erosion Interval in the progress of the Keween- 
awan epoch, of a character quite different from the intervals which 
separated the eruptive episodes which characteristically composed the 
history of the lower portion of the Keweenawan. 

There is a chapter devoted to the **chemical deposits of the Azoic sys- 
tem." The soft iron ores and manganese deposits are thought to be 
due to chemical changes in the original rocks brought about by the ac- 
tion of percolating water. The author considers that "rocks of entirely 
different origin and structure, like sedimentary and eruptive rocks, 
have been so changed by this action that the resulting forms are indis- 
tinguishable from one another except by their geological mode of 
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occurrence/* This is a very comprehensive affirmation of a hypothet* 
leal principle with which some geologists would take as broad a negative 
issue as is implied affirmatively by the author. **Percolating water" 
figures very prominently in the report, and in all the geological reason- 
ing of the author. He does not assign the origin of the crystalline 
rocks to the agents appealed to by the '^crenitic hypothesis," but he 
postulates such profound changes by reason of those agents that there is 
but little choice between Wadsworth and Hunt. It is sufficient here to 
say that there is a small school of modern petrographers who explain 
many of the changes which rocks seem to have suffered, from their 
point of view — being the same changes that Dr. Wadsworth attributes 
to percolating water — by a mysterious operation named **dynamic met- 
amorphlsm" in which percolating water plays no part whatever. With- 
out attempting here to make peace between these contrary schools, or 
to mention any of the difficulties which obstruct the theory which Dr. 
Wadsworth adopts for the origin of the *'softores," it Is sufficient to 
say that the application of Dr.Wadsworth^s views as to the origin, varia- 
tions and classification of rocks in general tends to great complexity if 
not confusion, and to make of petrology and of the geology of the 
Northwest a vast impenetrable jumble if not jungle. 

The Eastern sandstone is considered to be of the a^e of the Potsdam, 
of New York. It is found to underlie a small patch of Trenton lime- 
stone. This sandstone is thought most likely to be of the age of the 
Keweenaw Point traps, of the north range, there having been intermit- 
tent trap-flows during its accumulation. At least at some places the 
evidence points that way, but Dr. Wadsworth admits that in other 
places there is good evidence of a fault line along Keweenaw point, as 
claimed by Foster and Whitney, and by Irving and Chamberlin, thus 
making the Eastern sandstone of later date than the traps. This is 
also indicated by the fact that debris from the traps is found in the 
sandstone.* He suggests the very probable existence of two sandstones 
in the * 'Eastern sandstone," the upper one, which is seen to be first be- 
neath the Trenton would, in that case, probably represent the St. Peter 
sandstone, and the other, if later than the traps, would be the equiva- 
lent of the St. Croix sandstone of the upper Mississippi valley, which is 
known to overlie unconformably the traps at Taylor's Falls. Between 
these two is a heavy calcareous member which ought to be represented 
by some similar layer in the eastern part of the **upper peninsula," 
and which is probably that which has already furnished some few fos- 
sils in northern Michigan. 

The *'south trap range" is briefly described, and is considered to be 
made up of trap-flows intersheeted with sandstone, the sandstone being 
of the ago of the Eastern sandstone, the two being as conformable as 

*The subject of the age of the Eastern sandstone relatively to the 
traps was discussed at length in the Ambuican Geologist, Vol. I, p. 
44. See also Vol. Ill, p. 342, where is given the first sufficient demon- 
stration that the Cupriferous rocks are of Paleozoic age, as distin- 
guished from Mesozoic. 
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two such contemporaneous rocks can be. We would suggest here that 
perhaps the ''Eastern sandstone*' is not represented by this intersheeted 
trap-and-sandstone formation, but rather by the other "younger sand- 
stone*' which is said to contain debris from the traps and from the older 
sandstone It is quite possible that this intersheeted sandstcme and 
trap formation is really the basal member of the Holyolce, representing 
the Pcwabic sandstone of Minnesota. That may explain the con- 
trariety of the conclusions reached by Brooks and Pumpelly and Irving, 
as compared with those of Wadsworth. 

There is a chapter by Drs. Lane and Hubbard on certain minerals, 
others by Drs. Lane and Pattou on certain peculiar rocks and their mi- 
croscopic characters. 

The report as a whole is refreshing, for it indicates an earnest at- 
tempt to treat the geology of the state of Michigan according to the 
new methods, which are as different and as much better than the old 
*'Huronian*' methods as the principles of William Smith were superior 
to the floundering efforts of his predecessors. There are some notions 
in the report which we cannot accept, based sometimes on erroneous, 
preconceived ideas and sometimes apparently on bad observation. But 
it must be granted that this, being the first report of the present or- 
ganization, should be allowed the privilege of making some mistakes, 
and should be given the opportunity of correcting them in later state- 
ments when longer study shall have shown where they are. 

Seventeenth report of the Department of Oeology and Natural Re- 
sources, Indiana. — S. S. Gorby, State geologist, Indianapolis, pp. 705, 
20 plates of fossils. Octavo, 1892. With a geological map of the state, 
which shows, besides the surface distribution of the formations, the lo- 
cation of various economic industries, viz.: Stone quarries, natural gas 
areas, natural gas wells, oil areas, gas pipe lines and oil pipe lines. 
Where the drift prevails the map is left blank. 

The activities and responsibilities of the state geologist were extend- 
ed by law in 1891 so as to include the appointment and supervision of 
the following officers who make reports to him, viz.: Inspector of 
mines, Supervisor of oils, and Supervisor of Natural Gas. The reports 
of these officers make the volume largely economical, but it also in- 
cludes a chapter by S. A. Miller which describes and illustrates more 
than 150 new species of fossils. It also has catalogues of the butterflies 
and of the batrachians and reptiles of the state. 

Prehistoric America; The Mound Builders, their works and relics, 
Stephen D. Peet, Chicago, The American Anticiuarian, 1892. 8vo,. 
pp. 376. Numerous figures and plates. 

The author of this volume has been editor of the American Antiqua- 
rian for many years, and is one of the best known of American antiqua- 
ries. He has had ample opportunity to become qualified to produce & 
thorough work on the Mound Builders, with such consideration of col- 
lateral subjects as easily present themselves in studying that mysterious 
people. Mr. Peet prefaces his discussion of the Mound Builders with a 
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sketch of their possible ancestors — glacial man — and in this part of the 
volume geologists will have the more lively interest. 

While the author has not been among the credulous in accepting the 
supposed tokens of paleolithic man in America, he yet gives approv- 
ingly thB points of coincidence between the European and American 
discoveries, and he«o unites them in his presentation that it is evident 
that he recognizes a **paleolithic'' human age in America. He quotes 
Dr. Abbott's discoveries in the Trenton gravels and Miss Babbitt's opin- 
ions of the quartzes at Little Falls. He figures the Nampa image, 
quotes Prof. Whitney on the Calaveras skull, and Dr. Flint on the 
**Eocene or Miocene'' human footprints in volcanic tufa in Nicaragua. 
He considers that Dr. Koch's claims as to the association of human im- 
plements with the mastodon (the Jftosourium of Dr. Koch) have been 
confirmed by the recent discoveries of Dr. Hughey (Aughey?) in Ne- 
braska and by his own in Ohio. In all these cases the bones of the mas- 
todon are mixed with ashes and other traces of fire, arrow-heads and 
other stone weapons. He also adopts the Davenport elephant pipe, about 
which there has been much discussion. He classes these among the 
**mysterious races," of whose origin and whose dates we have nothing 
certain, further than that they were contemporary or ipimediately suc- 
ceeding to the glacial epoch. It would be well here to note an error in 
the illustration intended to show the vicinity of the **Second find,'* i. e. 
Little Falls, Minnesota (page 4). The figure instead is a reproduction 
of a sketch map of the region of St. Anthony falls, which are about 100 
miles south of Little Falls. Aside from the doubtfulness of other evi- 
dences of paleolithic man in the United States, recently subjected to 
close scrutiny by Mr. W. H. Holmes, Mr. J. Crawford has shown (Am. 
Geologist, Vol. X, p. 160) that the human footprints in the volcanic 
tufa of Nicaragua are probably of even historic date, and that Dr. Earl 
Flint's observations were quite incorrect. 

Of the Mound Builders the author has made a long and thorough 
«tudy. He comes at first to the conclusion that they were not the an- 
<;estors of the modern Indians, or if they were that their works are so 
•distinctive that they should be entirely separated from them in such an 
investigation. Where the remains of both are found in the same region 
they can be distinguished. 

As to the Mound Builders proper they ^re divided by the author into 
several classes, and into different epochs distinguishable by varying 
structures, these being the result of natural adaptation to physical sur- 
roundings, rather than of age, or stage of progress. The peculiarities 
which distinguish the works of the true Mound Builders from the works 
of more recent inhabitants of the region, *'arlse from their being exclu- 
sively earthworks, and, first, their solidity; second, their massiveness; 
and third, their peculiar forms." The author makes eight geographical 
divisions of the Mound Builders, and points out severally their char- 
acters. In this, however, he evidently blends the Mound Builders with 
the historic Indians, assigning to them the same peculiarities and struc- 
tures as mark the Indians that are known to have occupied the same 
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regions. Indeed, he deduces the presumed traits of the former from the 
we]] Icnown traits of the iatter, and does not make it clear in what respects 
the two dynasties differ from each^other, yet he maintains that **there 
was a Mound Builders* age in this country, and that it is as distinctive 
as was the neolithic age in Europe**. The neolithic age in America he 
considers to have been distinctively the Mound Builders* age. All pre- 
historic structures and mining, whether of copper, salt, steatite, mica, 
pipestone and oil wells, all workshops and stone cairns, walled towns, 
roadways and shell heaps were of Neolithic Mound Builders, who had a 
more varied and advanced culture than the Cliff Dwellers. They **fol- 
lowed hard on to the paleolithic people,'* but may have been separated 
from them by a conjectural age occupied by the Mastodon and Mam- 
moth, or the Mastodon's age. The author is inclined to regard this 
(latter) age as linked closely with the Mound Builders, and for this he 
relies on sundry effigies and carved pipes that have the forms of the 
Mastodon. The elephant pipe of the Davenport Academy of Sciences 
has now sufficient confirmatory later discoveries to support it, but the 
tablets containing apparently Hebrew characters are thought to have 
originated from the Mormons who once dwelt along the Mississippi 
bluffs in Illinois. 

The Mound Builders knew the Mastodon and they seem to have ex- 
tended also to the time of the Buffalo, for the bones of both, or at least 
their effigies, are well known in connection with their structures. They 
were sun-worshipers, and the symbols of their religion are seen in the 
pyramid, the square and the circle which prevail. Their foes sur- 
rounded them and they built defenses. These foes were the ancestors 
of the red Indians. The **stone-grave races,** which occupied central 
Tennessee, are regarded as a division of the Mound Builders. They 
survived to near the beginning of history, when they seem to have been 
expelled by some hostile tribes allied to the red Indians, who preempted 
their sites. 

In the discussion of the migrations of the Mound Builders the author 
shows their very close alliance, and almost an identity with some of the 
early Indian tribes, that is, while stating the evidence of such migra- 
tions he draws it wholly from what is known of Indian tradition con- 
cerning themselves, and of statements from early historians. The au- 
thor, however, considers it absurd to conclude that the Indians, for in- 
stance the Cherokees or the Dakotas, were the Mound Builders or were 
descended from them. Yet he gives, in the chapter on the ^'pyramidal 
mounds," the most conclusive evidence that De Soto saw the actual 
Mound Builders, in the form of Indians, inhabiting these walled towns, 
and putting to their various uses the different structures of the villages. 
Through the volume, at least in its earlier chapters, are scattered fre- 
quent assertions that the Mound Builders were a distinct race, main- 
taining a distinct dynasty, but driven out by a hostile inroad of less cul- 
tured tribes from the north or northeast. There is, however, a pro- 
gressive modification of this idea, apparently the result of continued re- 
search by the author. It is due, perhaps, to the metliod of partial pub- 
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Hcation, as the Ainerioan Antiqujarian^ which has from time to time 
contained much of the contents of this volume, put into printed shape 
the steps of the investigation, that some contradictions and some repe- 
titions are apparent on comparing the various '^papers/' We come, 
then, in the chapter devoted to ''Mound Builders and Indian relics,'' to 
a direct statement like the following : 

'*Tlie Mound Builders changed to the Indian merely by contact with 
the white man (p. 273). ♦ ♦ ♦ We maintain that the Mound 
Builder was a better specimen of the Indian than the native Indian is 
himself (p. 276)." 

Yet while admitting the probable conversion of the Mound Builders 
to the Indian, the author sustains the propriety of a distinction between 
them. The Indian has degenerated from the partial civilization of the 
Mound Builders, while the Mound builder maintained some traces of a 
civilisation still higher, suggesting an origin from some Old World races 
who in historical records are called civilized. 

In an appendix Mr. Peet mentions the recent evidences that some of 
the tolfens considered to show paleolithic men are unreliable. The in- 
terest of the reader increases toward the end of the volume, piiri imssu 
with the approach of the author to sound conclusions and to the con- 
sideration of live topics. 

The volume is clumsily put together, as a literary structure, and as a 
specimen of typography. Also much or most of the matter is old and 
familiar. Still the author is to be congratulated on the several new 
ideas which he brings forward, and especially on the skill with which 
he adjusts the Mound Builders with the Indians, and his final conclu- 
sion that generically they are the same people. 

It Is to be regretted that he makes no mention of Lapham's import- 
ant work on the earthworks of Wisconsin, for Lapham was the first scien- 
tist to announce the very conclusion to which the author finally ar- 
rives as to the identity of the Mound Builders and the Ii.dians, and in 
that he stood alone for many years. 

On the Continuity of the PaleolUhic and Neolithic Periods. By 
Jno. Allen Bkown, F. G. S. (Journal of the Anthropological Insti- 
tute of Great Britain and Ireland, vol. XXII, pp. 06-95, with four plates; 
November, 1892). The author's collections of stone implements have 
been chietiy near Eastbourne in Sussex, on the south coast of England 
in a district of high chalk hills with many ravines. The nodules of flint 
in the chalk furnished early man with abundant material for his work, 
and in many places the valleys and slopes of the hills are literally strewn 
with flakes and broken refuse from the manufacture of implements, 
mingled also with naturally fractured flints. Instead of the somewhat 
indefinite two- fold classification of the stages of progress in stone-working 
as paleolithic and neolithic, the author recognizes four stages, which he 
thinks to have been a continuous series. In analogy with the great 
eras of geologic time, he gives the following names to these stages of 
advancing human skill and culture: 1. Eolithic, represented by rough* 
ly hewn pebbles and nodules, showing work with a thick ochreous^ 
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patina, found on the plateaus of the ohalk and other districts in beds 
unconnected with the present valley drainage. 2. Paleolithic, repre- 
sented by coarsely flaked implements from the higher river drift of the 
present valleys, and by others of similar forms found in the oldest brec- 
cia deposit of limestone caves. 3. Mesolithic, characterized by more 
skillfully flaked implements, which appear, by their forms and often by 
the deposits containing them, to be intermediate and transitional, bridg- 
ing the interval from the preceding to the next stage. 4. Neolithic, 
with implements of polished or delicately flaked stone. In the north- 
ern parts of Great Britain, and in Denmark and Scandinavia,comprising 
the countries covered by the European ice-sheet, the only traces of 
stone-working prehistoric men belong to this latest neolithic stage, 
showing, as was pointed out many years ago by Prof. James Geikie, that 
the more ancient stages of human progress in Europe were past before 
the end of the Ice age. 

An Introduction to the Study of Mamnuils, Living and Exthict. By , 
William Henky Flower, Director of the Natural History Department, 
British Museum, and Richakd Lydekker. London, 1891, pp. xvi, 
763, with 357 figures in the text. This is a well arranged, interestingly 
written, and finely illustrated volume, indispensable to the zoologist and 
scarcely less to the geologist and paIeontologist,since it notes under each 
genus its representation, if any,by fossil species, while for many of the 
orders their probable phylogeny or evolution is traced. Of the Simiidas 
or true anthropoid apes of the eastern hemisphere, which structurally 
and in intelligence make the nearest approach to man, the earliest and 
only fossil species known is the extinct Dryopithecus of the Middle Mio- 
cene in France, pronounced by Gaudry to be the most generalized mem- 
ber of the family. The senior author's investigations of the varieties of 
the human species refer them to three types: 1. Ethiopian, Negroid, or 
Melanian, black. 2. Mongolian, or Xanthous, yellow or brownish. 3. 
Caucasian (a ^'misleading*' term), white, but in some branches quite 
black. The aboriginal American peoples are regarded as a division un- 
der the Mongolian type, and the Malayan, Papuan, Australian; and 
Maori races are attributed to intermingling of the three types, chiefly of 
the first and second. The poverty of our geologic record is impressively 
exemplified by the entire lack of ^'evidence of tlie anatomical characters 
of man as he lived on the earth during the time when the most striking 
racial characteristics were being developed during the long ante-historic 
period in which the Negro, the Mongolian, and the Caucasian were be- 
ing gradually fashioned into their respective types/* Among the higher 
Anthropoidea man alone ha<« been able to migrate to the western hemi- 
sphere from his place of origin, which was doubtless with the Simiidse in 
the tropical zone of the Old World. His migration was apparently at a 
high northern latitude, where the severity of the climate debarred the 
passage of the apes and may very probably have made that of men im- 
possible until after they attained the art of making warm clothing. The 
antiquity of our race in America, however, shown by geologic discover- 
ies of stone implements, is accepted as almost equal with that yet proved 
for men in the old world, extending back in each hemisphere to the 
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Glacial period and therefore by necessary inference to some earlier time, 
either preglacial or interglacial, when the absence of the ice-sheets per- 
mitted migration. 

The OeoUpgical arul Natural History Survey of Minnesota^ Twentieth 
Annual Report, for the year 1891. N. H. Winchell, State Geologist, 
Minneapolis, 1893, pp. 344. In this volume, besides the summary state- 
ment of the progress of the survey and records of additions to its mus- 
eum and library, the state geologist discusses the structure and origin 
of the crystalline rocks of northern Minnesota; U.S.Grant presents notes 
of field observations on certain granitic areas in the northeastern part 
of the state, along the Kawlshiwi river and in the neighborhood of Snow- 
bank, Kekequabic, and Saganaga lakes, illustrated by a map plate and 
several figures in the text. H.V.Winchell and A. C. Lawson contribute 
the papers next reviewed in these pages; and Benjamin W. Thomas and 
Prof. Hamilton L. Smith write of fresh water diatomaceae in an inter- 
glacial peat bed of Blue Earth County in southern Minnesota, giving a 
list of one hundred species, all of which, excepting one or two, are now 
found living in the great lakes of the St. Lawrence or in their tributa- 
ries. The peat occurs between deposits of till, being overlain by a thick- 
ness of twenty to thirty feet. In the till, both below and above the peat, 
careful examination reveals no diatoms, but only foraminifera, radiolaria, 
and other marine microscopic organisms, which were derived from Cre- 
taceous beds eroded by the Ice-sheet. 

Professor Winchell defines the principal rock terranes of the region 
northwest of Lake Superior as follows, in descending order: 

1. The Nipigon or Keweenawan series of alternating fragmental and 
eruptive beds, which south of Lake Superior are overlain by the St. 
Croix sandstone. 

2. The upper part of the Animikie series, comprising thin-bedded 
slates, siliclous and actinolitic schists, magneti tic jaspers, and quartzytes, 
interbedded with sheets of eruptive rocks and of tufaceous sediments. 

3. Irruptive gabbro, bearing large quantities of titaniferous magnet- 
ite, and sometimes enclosing considerable masses of the next older 
quartzyte strata. Intimately associated with the gabbro are also acidic 
irruptlves, as red felsytes, quartz porphyries, and reddish granites. 

4. Basal Animikie beds of Pewabic quartzyte, associated with iron 
ores and cherts, including the important iron deposits of the Mesabi 
range. This formation also encloses sheets of volcanic outflows and 
tuffs, and is often conglomeritic with debris from the underlying 
Archtean rocks. 

All the foregoing are grouped together by Prof. Winchell as the 
Taconic system, which is divided from the Archaean by unconformity and 
a great Interval of erosion. The three members of the Archaean 
group or fundamental crystalline complex are together, like the four of 
the Taconic, regarded as a grand unit in their origin and history. 

5. The Keewatin volcanic formation, consisting mainly of eruptive 
rocks and a great thickness of tuffs with more or less evidence of aque- 
ous sedimentation. These rocks are mostly graywackes, serici tic schists, 
agglomerates, conglomerates, and very fine-grained serpen ti nous schfsts< 
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0. The Vermilion series of mica schists and hornblende schists, 
more fully and generally crystalline than the preceding, but of similar 
origin. 

7. Laurentian gneiss, often conformable with the Vermilion schists, 
from which it then is distinguished by a gradual downward increase of 
feldspathic and silicious ingredients. More frequently, however, these 
lower members of the Archssan complex are divided by a zone of disturb- 
ance, upheaval, and brecciation, with dikes and laccolite masses of 
the granitic Laurentian extending upward into the Vermilion series, or 
where this is wanting, into the less crystalline Keewatin schists. Evi- 
dently some of the Laurentian rocks were fluid or plastic after or during 
the time when the overlying Vermilion and Keewatin members of the 
Archaean complex attained nearly their present lithologic condition. 

The Mesahilron Range. By Horace V. Winciiell, pp. 111-180, with 
6 plates and 9 figures in the text. (Twentieth Annual Report, Geol* 
Survey of Minnesota.) The latest discovered and probably the richest 
of the numerous iron-producing belts in the region of lake Superior is 
the Mesabi iron range. In northeastern Minnesota, lying 15 to 30 miles 
south of the Vermilion iron range, where extensive mines of hard hem- 
atite have been very successfully worked during the past ten years. 
The chief ore of the Mesabi mines is soft hematite, easily excavated 
with only the pick and shovel and capable of being rapidly worked with 
a steam shovel, lying in nearly flat deposits which have a variable thick- 
ness up to 100 feet, being usually overlain only by 10 to 50 feet of glacial 
drift. Its earliest discovery in sufficient deposits for profitable mining 
was in November, 1890, at the Mountain Iron mine, and the next at the 
Biwablk mine in August, 1891. Since that time about twenty other 
merchantable deposits of this ore have been found, and nearly a hundred 
miles of railroads have been built for its transportation to Duluth, to be 
shipped thence to Cleveland, where coal is cheaply furnished for smelting 
furnaces. Contracts have been made by the companies now developing 
these mines for the yearly shipment of 1,500,000 tons of ore, equal to 
about a sixth of the present lake Superior product. The cost of mining 
and loading the ore on cars is estimated to average 35 cents per ton, and 
of its delivery in Cleveland about $3, leaving a profit of a dollar per ton at 
the present Cleveland prices for ores of the Bessemer grade here mined. 

The stratigraphic relationship and conditions of origin of the Mesabi 
iron ores are well described and discussed by Mr.Winchell,who attributes 
the original deposition of the interbanded jasper and hematite beds to 
oceanic sedimentation, both chemical and mechanical, but the present 
concentration of the ores as soft hematite deposits of great thickness 
and purity is referred to the action of infiltrating water while this area 
has been a land surface undergoing slow suba^rial erosion. Silicious 
portions of the iron-bearing strata have been dissolved and replaced by 
the ore, which preserves the bedding planes, joints, and even differences 
in texture, of the original layers of Jasper, chert, taconyte, and slate. 
The underlying portion of the Pewabic quartyzte appears to have 
received the greater part of the removed silica, becoming an impervious 
floor beneath the ore deposits. The beds usually dip 10^ to20<^ S.or S.E., 
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and the width of outcrop of the ore belt is usually a half mile to one 
mile and probably nowhere exceeds two miles, while the known length 
of outcrop in Minnesota is about 145 miles, from the Mississippi river 
at Pokegama falls east-northeast to the Canadian boundary at the west 
end of Gunflintlake. 

Sketch of the Coastal Topography of the North Siile of Lake Superior 
tvUh special reference to Vie abandoned Strands of Lake Warren. By 
Andrew C. Lawson, pp. 181-289, with 6 plates and 15 figures in the text. 
(Twentieth Annual Report, Geol. Survey of Minnesota.) An abstract of 
this paper, as given in the announcements of the Ottawa meeting of the 
Geological Society. has already appeared in this volume of the Geologist 
(March, pp. 177, 178), with citations of the opinions held on this subject 
by G. K. Gilbert and Warren Upham, who diflPer from Dr. Law^on and 
ascribe the formerly higher levels of lake Superior, as of the other 
Lanrentian lalves, to the barrier of the waning ice-sheet. Continuous 
levelling along any of the shore lines of this ruggedly hilly and forest- 
covered coast of lake Superior has been impracticable, but the altitudes 
of the old shores have been determined by levelling at forty-eight places 
from the west end of the lake at Duluth to its southeastern angle and 
outlet at the Sault Ste. Marie. In the vicinity of Duluth the highest 
shore is 535 feet above lake Superior, or 1137 feet above the sea; and 
the highest shore anywhere discovered is on Mt. Josephine, near Grand 
Portage, about 140 miles east-northeast from Duluth, having an altitude 
of 607 feet above the lake. At Jackfish bay, again about 140 miles far- 
ther east-northeast, and somewhat east from the middle of the north 
coast, nineteen shore lines were identified, the highest being 418 feet 
above the lake; and at Sault Ste. Marie the highest one of eight shores 
observed is at 414 feet. In total, at the forty-eight localities where Dr. 
Lawson examined this northern and eastern shore of the lake, he recog- 
nizes, as he believes, thirty-three distinct former lake levels shown by 
deltas, terraces, and beach ridges, their average vertical distance apart 
being therefore about 18 feet. Where the highest beach was found, on 
Mt.Josephine.seven of these old shores are discernible. being in descend- 
ing order at 607,587,509, 313, 226, 43, and 20 feet above the lake. Where 
the greatest number for any single locality was found, at Jackfish bay, 
their bights are 418, 391, 367, 317,259, 238,228,176,158,136,128,119.103,85, 
57,46,33, 19,and 10 feet; and at tlie Sault Ste. Marie, 414,365,311,224,208, 
174. 150, and 49 feet. 

Dr. Lawson thinks that this ancient lake, which was named Lake War- 
ren by Prof. J.W. Spencer, was not held in by the retreating ice-sheet 
but by land barriers, the country on the south and east having been 
relatively higher than now, and that the differential subsidence of the 
land there and contemporaneous uplifting of ihe country about Hudson 
bay went forward without disturbance of the horizontality of the old 
shore lines north and east of lake Superior. On the west, however, It 
has been ascertained by Upham for the area of the glacial lake Agassiz, 
in the basin of the Red river and of lake Winnipeg, that it experienced a 
difiFerential uplift increasing about one foot to the mile from south to 
north during the departure of the ice-sheet; and on the east Leverett has 
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well shown that the beaches of lake Warren south of lake Erie were 
contemporaneous with the accumulation of adjacent moraines (Am. 
Jour. Scl., April, 1892); while the basin of lake Iroquois, the glacial 
expansion of lake Ontario, according to levelling by Gilbert and Spen- 
cer, has been uplifted like that of lake Agassiz, but with a greater 
northward ascent of the old Iroquois beach, amounting to five feet per 
mile for fifty miles from Rome to near Watertown,N. Y. It seems therefore 
improbable that these recent epeirogenic movements on each side failed 
to extend across the area of lake Superior. Under the assumption 
that they were thus continuous, the highest shores at Duluth and on Mt. 
Josephine seem readily referable to an ice-dammed lake in the western 
part of the Superior basin outflowing in a channel eroded across the divide 
between the Bois Brul6 and St. Croix rivers (Geol. of Minn., vol. ii,p. 
643), from which there is an ascent of about 140 feet in a distance of 
120 miles northeast to the 607 feet shore terrace; but the 418 and 414 feet 
shores at Jackfish bay and Sault Ste.Marie, with all found at lower ele- 
vations, would belong to the more extended stage of lake Warren when 
it outflowed to the Mississippi across the low divide at Chicago, about 
595 feet above the sea, whence the former lake level now has an ascent 
of 421 feet in about 350 miles to the highest shore at the Sault. 

The American Meteorological Journal, published now at Boston by 
Ginn & Company, was started at Ann Arbor, by Prof. M.W. Harrington, 
who is now the chief of the Weather Bureau, at Washington, and who 
remains as a ** contributing editor.*' The journal is a valuable one for 
all physicists who study the climatology of the country, and we can 
commend it for being ably edited and as an excellent repository of cur- 
rent discussions of the principles and progress of meteorology. 

Geologic Atlas of the United States. The following sheets have 
been issued as geological maps, dated Oct., 1892, Chattanooga,Kingston, 
and Hawley; also the Sacramento sheet,dated Jan., 1893, and the Lassen 
Peak sheet as **preliminary edition of 1892.'' Each sheet area Is repre- 
sented by four sheets, one giving the topography, which is expressed by 
contour lines at intervals of 100 feet, one the areal geology, one the 
economical geology, and the fourth, structure sections or other illustra- 
tions. These four sheets, which are colored according to the conven- 
tions of the survey, are accompanied by four or five other sheets or 
pages of descriptive text, and the whole are loosely embraced in a folded 
case of heavy manilla paper, on the front or title-page of which is an 
*Mndex map*' showing at a glance the position of the mapped area with 
respect to the rest of the country. 

These five sheets are the first completed product of the United States 
Geological Survey. When the whole country shall have been repre- 
sented in this style, the United States will have a geological and general 
descriptive atlas of which no American will be ashamed. 

8ur la constitution des depots quatemaires en Russia et leurs rela- 
tions aux trouvailles risultant de Vactiviti de Vhommeprihistorique. 
By S. NiKiTiN. 34 pp., in Report of the International Congress of Arch- 
^ologists, Moscow, 1892. At the close of this paper, the distinguished 
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author, writing from his point of view as a geologist, gives the following 
summary of his conclusions relating to the earliest traces of man in 
Russia and his relationship to the Glacial period. 

1. The subdivision of the age of stone into the Paleolithic and Neo- 
lithic epochs should be defended for European Russia, because it coin- 
cides with the geologic division into Pleistocene and Modern, based on 
paleontologic data. 

2. Study of the glacial deposits of Finland and western Russia fur- 
nishes no proof of two distinct epochs of glaciation and an interglacial 
epoch; all the facts can be explained by the oscillation of the ice-sheet 
during its retreat, which was gradual but irregular. 

3. Even if one accepts the Swedish and German theory of the subdi- 
vision of the Glacial period in two epochs, the second glaciation can be 
affirmed only in the northwestern area, in a limited part of the Baltic 
region of Finland, and of the province of Olonetz. 

4. The remaining part of Russia subjected to glaciation has only 
drift corresponding to the first glacial epoch of Swedish geologists. 

5. At the time of maximum glaciation, the greater part of Russia 
presented the aspect of a desert of ice, comparable with that of Green- 
land; it bore no drift on its surface, and had no elevation above the ice 
sheet, where vegetation could be preserved. * 

6. The time corresponding to the interglacial epoch and to that of 
the second glaciation of Swedish geologists was probably for the greater 
part of Russia the epoch of formation of the ancient lake deposits, loess^ 
and highest river terraces, containing bones of the mammoth and other 
extinct mammals, which abounded while Scandinavia and Finland were 
still covered by the ice-sheet. 

7. Agreeing with the composition and origin of its Quaternary de- 
posits, Russia may be subdivided In a series of districts characterized 
by variations in the fauna of the immense Russian plain during the 
Quaternary era and the formation of its superficial deposits. 

8. In the second half of the Glacial or Pleistocene period, the mam- 
moth and other large animals lived in great number in southern and 
eastern Russia. As fast as the ice-sheet retreated, these animals ad- 
vanced to the north and northwest; toward the end of the Pleistocene 
they reached Finland for a very little time, and then disappeared soon 
throughout Russia, but probably lingered latest in its northeast part 
and in western Siberia. 

9. Man lived contemporaneously with the mammoth during the second 
half of the Glacial period along the boundary of the glaciation, possessing^ 
much industrial skill and using fire, but producing only implements of 
flaked flint. Following the recession of the ice-sheet man advanced 
toward ihe north and northwest, reaching Finland and the Baltic regioa 
after the end of the glaciation and after the disappearance of the mam-^ 
moth; but he then had attained the more advanced culture of the Neo- 
lithic epoch, making both flaked and polished stone implemente, pot- 
tery, etc. 

10. European Russia presents no traces of man*s existence during 
the first half of the Pleistocene or any earlier time. 
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Geology and mineral resources of Kansas, toith a geological and 
contour map of the state. Robert Hat. World^s Fair edition, octavo, 
pp. 66. (From the eighth biennial report of the State Board of Agricul- 
ture, 1891-92.) Topeka, 1893. 

This pamphlet amounts to a compendium of the geology of the state, 
including its economic relations. The topographical map is very general- 
ized, the whole state being embraced in two octavo pages. 

The range of formations is from the Subcarboniferous (Keokuk) to 
the present, omitting, however, the Jurassic and Triassic. The Com- 
anche Peak beds and the Trinity sands of Texas are found to extend 
into Kansas, the two having a thickness of 150 feet. These and the 

■ 

'* Permian " cover a horizon of beds whose age has been the subject of 
much difference of opinion. The '* red beds," here called Permian, have 
been put in the Triassic by most geologists, and the Trinity sands are 
claimed as Jurassic by Mr. Marcou, who also identified the Comanche 
Peak beds as Neocomian. Mr. Cragin has applied locally the name 
'* Cheyenne sandstone" to the formation called Trinity sands by Mr. 
Hay, although Mr. Cragin was latterly disposed to admit that the 
Cheyenne sandstone represents the northward extension of the Trinity. 
After a brief description of the various formations in their typical out- 
crops, or as discovered by deep wells, the economic products of each are 
enumerated, and their value to the material development of the state is 
presented. The important mineral products of the state are lead and 
zinc, coal, lignite, rock gas, salt, gypsum, cement, lime, building stone, 
clay, vitrified brick, mineral waters, and the surface soil. The work 
will serve, as doubtless it was designed, as a convenient hand-book of 
the natural resources of the state, for general distribution at the World's 
Fair at Chicago. 

The Eocene and Oligocene beds of the Paris basin, accompanied by a 
geological map. Geoboe F. HARKisand Henry W. Burrows. 8vo., 
129 pp. (Read before the Geologists' Association, London, Apr. 3,1891.) 

The Paris basin is the typical area for the Tertiary terranes. There 
Cuvier and Brongniart did their classic work, and thither Lyell repaired 
for comparison of his English studies with those of his French con- 
freres. De Blainville, P. Gervais, Pictet and latterly Gaudry followed 
Cuvier in giving to science a restoration of the extinct vertebrates. 
Such names as Deshayes, Lamarck, Lambert, DeBoury, Defiance and 
latterly Cossmann are forever linked with its molluscoidea. Its strati- 
graphic succession has been dissected, compared and established, first 
by the original explorers, Cuvier and Brongniart, and subsequently cor- 
rected and more minutely described by many savants. Foreign students 
have a vast amount of geological literature to consult should they desire 
to know the Paris basin thoroughly. 

It has been the task of Messrs. Harris and Burrows to furnish an 
epitomized English re-description of the whole, in the light of the pres- 
ent condition of knowledge, eliminating, correcting, and supplying new 
material. The nomenclature is revised in accordance with accepted 
rules. Typical field sections of the various members of the series are re- 
produced, with directions how to find them. Tables show the names and 
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stratigraphic distribution of all the species. The work really affords 
a useful condensed manual of the actual Paris basin according to the 
most recent views without attempting to make correlations with English 
localities. It would be a reasonable sequel to this work if the authors should 
continue their study so as to warrant them in indicating the English 
<and, if possible, the American parallels of the strata of theParis basin. 

Notes on the Correlation table of British and continental Tertiary strata. 
'George F. Harris. (Extracted from Newton's ^'Systematic list of 
the Frederick E. Edwards collection in the British Museum/' London, 
1891.) The table Itself is **An approximate correlation of the Tertiary 
beds of Europe'* — an outgrowth or accompaniment of the work above 
reviewed. The **Notes" call attention to and reproduce various other 
classifications, viz.: that of Mayer-Eymar In 1884; those of DoUfus of 
1875, 1877 and 1889 ; Gosselet in 1888; Prestwich in 1888; and of Stremm, 
Meig, and Bertrand & Kllian In 1888. 

A revision of Uve British fossil Calnozolc Echiiioidca. J . Walter 
•Gregory. (Proceedings of the Geologists' Association, Vol. XII, Nos. 
1 and 2, Julv, 1891.) 

The author brings to bear on his results a study of all available col- 
lections, public and private. Under each species he gives **the present 
resting place of Its type specimen," and adds a general account of the 
^collections In the various museums. He adds five foreign species to the 
English fauna, describes eight new species, two of them belonging to 
gen(>ra new to the British area, discards six English species as syno- 
nyms, and suggests, (1) that the London clay echinolds are dwarfed 
subtropical forms, (2) that the lower Eocene echinolds are more allied 
to the lower than the upper chalk, (3) that some connection must have 
been established between the British sea and that of the Mediterranean 
basin In the middle, and perhaps upper. Eocenes, and (4) that the most 
striking feature In the Crag echlnoid fauna Is that It is of twofold ori- 
gin; since in addition to the ordinary North Atlantic forms it contains a 
series of genera found in the Mexican and Antlllean regions, or of 
species most closely allied to these, which testifies of some direct con- 
nection of warm, shallow sea, and probably points to the past existence 
of at least a ridge or chain of Islands across the southern part of the 
North Atlantic. 



CORRESPONDENCE. 



The Older Drift in the Delaware Valley. In the March num- 
ber of the Geologist professor A. A. Wright makes some statements 
concerning the older drift of the Delaware valley to which I should like 
to respond briefly, going back to the time his original paper on the sub- 
ject was presented, as well as one by professor G. F. Wright bearing 
on the same question. 

This was at Rochester, in August, 1892. On that occasion I was 
much surprised to learn that professor G. F. Wright (whose paper was 
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presented before professor A. A. Wright's) had interpreted my report 
(in the annual report of New Jersey for 1891) as saying that the ic& 
went south to Trenton and Morristown during the ice epoch antedating 
the last. I promptly indicated that I had never intended to convey this 
impression. In my report, I referred to various localities where drift 
which I regarded as glacial occurs outside the moraine. After men- 
tioning these localities, I stated my opinion that the drift there found 
was glacial, and that it antedated the moraine epoch by a long interval 
of time. I then went on to mention other localities where glaciated 
stones and drift occur, not specifying that it was glacial drift. I have 
never at any time felt sure that it was such, and on the very page (107) 
where the localities of glaciated stone are mentioned, I took pains to 
specify that glaciated stones are no proof that the deposits containing 
them are directly glacial. Nevertheless, since the report was inter- 
preted as I did not intend it to be, I am ready to concede that I am at 
fault, for it is a writer's business to write so that he cannot be misunder- 
stood. Of ambiguity, therefore, I am doubtless guilty. 

But when the correction was publicly made, as it was at Rochester in 
August, 1892, immediately after professor G. F. Wright had presented 
his paper, it would seem that the correction might have been accepted. 
But in the March Geologist professor A. A. Wright says: **Since it 
was pointed out that these different southernmost deposits are all with- 
in 100 feet above tide and have doubtless been transported by water and 
floating ice from the glaciated area, the author quoted has, as I under- 
stand, relinquished any claim that he may seem to have made that an 
ice-sheet ever extended further south than High Bridge and Pattenburg, 
N. J.'' It would be difficult to relinquish a view which I never held. 
Since I only **seem to have made" the claim, professor Wright doubtless 
knew of my disclaimer, which was made before the presentation of his 
paper. It is, therefore, not clear why he should ^'understand" that I had 
relinquished the claim after the piddlcation of his paper, which followed 
the rending by an interval of some months. I was perfectly well aware 
of the altitude at which the deposits in question occur from the begin- 
ning, since I had been on the ground with the topographic maps in hand. 
Furthermore, the fact that the deposits are low has no decisive signifi- 
cance as bearing on their origin. 

Professor Wright also quotes me as referring to *'a subdued terminal 
moraine eastward from Trenton," when my words are **The topography 
In this region east of Trenton is very much like that of a subdued ter- 
minal moraine." My statement concerning the topography Is strictly 
true. The reader must judge whether the quotation of professor 
Wright fairly represents what I say. More than one writer in the past 
has referred to the moraine-like topography of certain parts of Florida. 
It Is to be hoped that they may be spared the fate of being quoted as 
saying that there arc moraines there. 

So far as professor Wright's further statements are concerned I only 
wish to add that, if I have seen them correctly, the **depo8its between 
the moraine and the southern border of the glaciated area" are not *'es- 
sentially the same as that of the moraine itself and of the deposits north 
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of the moraine;" and that further, so far as lam familiar with the region, 
there are not **many places" in New Jersey where there are such 
accumulations of bowlders that **the moraine could well be brought 
further south than it is plotted, without doing violence to the facts." 
That there are ^'abundant accumulations of bowlders and till" south of 
the moraine is certain; but that they are such as to make it possible to 
bring the moraine further south is not true of any single locality wHb 
which I am familiar. Since, however, I have not seen the moraine and 
drift outside it at every point, I will not attempt to say that professor 
Wright's statement is necessarily wrong. But the criterion for the 
position of the moraine is something else than **8uch abundant accumu- 
lations of bowlders and till." R. D. Salisbury. 

RxMAKKS ON Mb. Andrew C. Lawson's Sketch of the coastal topogra- 
phy of the north side of Lake Superior wUh ttpedal reference to the aban- 
doned strands of Lake Warreiu (30th Ann. Report Geol. Survey, Minne- 
sota.) 

P. 274. — Terras bay— **Recognized as early as 1847" (by Logan— Re- 
port Geol. Sur., Canada). 1st. Logan's terraces are three miles below 
the PetUs EcrUs^ sixty miles east from Terrace bay of Lawson. 2d. Lo- 
l^an saw them in 1846, not 1847, and described them in his Report of 
Progress for the year 1846-7 y page 35; 

The same terraces are beautifully represented in Aga^siz's Lake Super- 
ior, frontispiece, and described at p. 66, as Riviere d Ja Cliienne (Dog 
river of Lawson). 

In Agassiz's Lake Superior, there are represented other terraces at 
Toad river (Riviere aux Crapauds), between Montreal river and Michi- 
picoten (page 54). I suppose Mr. Lawson calls It Sand river? J. M. 

Don Pedro de Saltekain y Leguarra, Head Geologist of the Span- 
ish West Indies, died at Havana, the 20th of February last. Born at 
Trun on the river Bidasoa, Bicaye, the 12th of March, 1835. Salterain 
was appointed mining engineer in 1858, by the Spanish government, 
and had charge of the celebrated copper mines of the Rio Tinto, near 
Huelva. Then he was transferred to the famous quicksilver mines of 
Almaden, and three years after he was sent to Cuba, as chief engineer 
of the Oriental district of mines. He became inspector-general of mines, 
and had charge of all the geological and mining surveys of the islands of 
Cuba and Porto Rico. His paper: ^'Breve resefla de la Mineria de la isla 
de Cuba," 1883, gives a good description of all the mines existing in Cuba. 
His geological works, which are the most important, are: first, a de- 
scription of the ^'Juridiciones de la Habana y Guanabacoa'* with an 
excellent geological map of the environs of Havana, Madrid, 1880; and 
second, his complete geological map of Cuba, scale 1:2,000,000, 1869-83, 
published with Don Manuel Fernandes de Castro, Director of the Geo- 
logical map of Spain, in the Bolctinde Ui Comision del Mapa Oeologico 
dc Espaila, Ma.dr\d, 1884. Besides Salterain wrote several papers on 
the earthquakes of Cuba. He was a modest and most exact observer. 

J. M. 
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SioNOR Felice Giobdano» Director of the Geological Survey of Italy, 
died 16th of July, 1893, at Vallombrosa, a summer resort in the Tuscany 
Apennines, where he was spending his vacation for his health, much 
impaired two years previously by a very severe attack of influenza. He 
fell into a deep ravine, and was found dead. Giordano, in his Journey 
round the world, 1872-74, visited extensively the United States and 
Mexico, stopping first in California, and then crossing over by the Great 
Salt lake, to the Mississippi valley. He passed one week in September, 
1874, at Cambridge, with his old friend Jules Marcou. At New York 
Mr. S. F. Emmons showed him all the works and collections made by 
the survey directed by Clarence King, and ever since Giordano kept an 
excellent remembrance of Mr. Emmons, asking often about him and his 
new works. 

Extremely modest, very learned, Giordano published from 1864 to 
1892 forty-five papers on geology, mining industry, and his voyages to 
Borneo and in Southern Asia. With his friend Quintino Sella, he made 
the first successful ascent of the Matterhorn (Monte Cervino), from the 
Italian side of the Alps, in September, 1868, only two days after Tyn- 
dairs ascent from the Valais side. 

Giordano was Chief Inspector of the Mining Engineer corps of Italy, 
and the head of the corps ; he was also the first Director of the '^Service 
de la Carte G^logique" at Rome. He has been Succeeded by Signor 
Niccolo Pellati, as Director and chief of the *'Real Corpo delle Miniere." 

J. M. 

J. J. CoLLENOT, a well known French geologist and paleontologist of 
Semur, Cdte-d'or, died during the fall of 1892. His very large and fine 
collection of Jurassic fossils, more especially of the Lias, attracted to 
Semur many geologIsts,among them the great paleontologist Alcide D'Or- 
bigny, who took Semur {Sinemuria in Latin) for his typical locality of 
the Lower Lias, called by him Sinemurian. Many of the Liassic fossils 
bear the name of Collenottii, in honor of Monsieur Collenot, who pub- 
lished a remarkable geological description of the vicinity of Semur, near 
Dijon. 

Collenot was a successful public notary, who retired from public life 
with a handsome competency, which allowed him to pursue his geologi- 
cal researches. His collection was thrown open to every observer, and 
he received in the most friendly and hospitable way all geologists, more 
especially foreigners, for he used to say: ^^Farther distance from which 
a geologist comes to see me, the more I must try to please him." Be- 
sides loading him with fine fossil specimens, he treated his visitors to 
the best of Burgundy wines. Professor Alpheus Hyatt, of Cambridge, 
always remembers and speaks with enthusiasm of the cordial reception 
and treatment of Collenot, when he visited him in the seventies. 

J. M. 
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PEESOI^^AL AND SCIENTIFIC NEWS. 



The Missouri Geological Survey has just passed through the 
hands of the 37th general assembly, with a considerablj' reduced 
appropriation. Twenty thousand dollars were allotted for the 
maintenance of the survey during the next two years, including 
printing. The cause of the reduction was a recent diminution in 
the rate of taxation. The non-partizan character of the organiza- 
tion of the survey also militated against it in the hands of the 
dominant part}'. 

The Minnesota Geological Survey received a cash appropria- 
tion of ten thousand dollara at the hands of the late legislature. 
This is to be used exclusive of printing, and, united with the pro- 
ceeds of the Salt Spring fund, will sustain the surve}^ during the 
next two years. 

There has been an order issued by the Michigan Board of 
Geological Surve}' to remove the headquarters from Houghton to 
Lansing. All the employes of the survey were dismissed Ma}* Ist. 
There is a strong sentiment against the union of the Survey with 
the Mining School, in the directorship, and that seems to be the 
cause of the action taken. The citizens of the northern peninsula, 
however, insist on retaining the Survej' headquarters at Houghton, 
near the school but not directly connected with it. 

The Governor of Georgia has appointed W. S.Yates, of the 
Smithsonian Institution, Washington, State Geologist of Geoi^ia,in 
place of Dr. J. W.Spencer. 

Apatite in Norbotten, Norway. — In the '*Neues Jahrbuch 
fiir Mineralogie," 1893, page 38, G. Loesstrand gives the result 
of his observations on the occurrence of apatite in this district. 
After mentioning the researches of BrOgger on the scapolitic 
gabbros of Norway, and the fact that they are very rich in apatite, 
Loesstrand goes on to say that although the olivine-gabbro is rich- 
est in apatite, 3'et its occurrence seems to be restricted to 
districts where the original formation contained a good deal of 
apatite, and that this mineral did not seem to be so much in the 
gabbro itself as where it came in contact with hornblende slates. 
The gabbro contained most apatite where hornblende slates appeared 
in intimate association with it. When the gabbro was permeated 
with stringers of pegmatite, apatite was ver}' likely present, and 
when these pegmatite lodes contained a good deal of plagioclase, 
the chances of finding apatite were still further increased. As 
usual accompaniments of the apatite he mentions titanium mine- 
rals, hornblende, enstatite, mica, scapolite, epidote, and tourma- 
line. One of the lodes traversing the hornblende slates, gneiss- 
and gabbro carries rose-red quartz and salite at one point, and 
farther away hornblende, plagioclase, quartz and tourmaline, and 
what is of special interest, crystals of scapolite 7 in. long and 
1.18 in. thick. 
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A NEW FUNGUS FROM THE COAL MEASURES. 

By H. Hbbzbb, Berea, O. 
Plate IX. 

Genus INCOLARIA, n. gen. 

Incolaria seouriformis (n. sp.). 

Evidences of the presence of acotyledonous plants of soft cellu- 
lar tissue, such as Fungi, during the Carboniferous period, grad- 
ually multiply. It is not the abundance of the same species that 
we find, but representatives of various tribes of this family, in- 
dividualizing their genera or species. The present genus had 
hitherto not been recognized by geological researches. However 
meager these finds are, it is a gratifying fact that so much of the 
flora of remote ages is disclosed to us. 

Our genus was of the peculiarity to colonize in fissures of hark^ 
filling them throughout their extent along the principal axis, ac- 
commodating itself to the irregular forms of the opening and send- 
ing laterally^ from the length of its stem, numerous vertical, broad, 
rounded, securiform, thin mycelia, 1^ to 2 inches in diameter, three 
or four of them overlapping each other irregularly at different dis^ 
tances, ten of them thus presenting themselves. 

The Fungus here described is similar in habitat to Lesquereux's 
Rhizomorpha sigillarise. It was found under the bark of a Sigillaria 
imbedded in the Zoar limestone, Tuscarawas Co.,0.,and its peculiar 
undulating outlines contrasting with the linear fluting of the Sigil- 
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laria arrested my attention at once. Parts of carbonized bark are 
still attached to the Sigillaria and between the mycelia of the fun- 
gus thin layers of coal are observable, showing that an effort was 
made by the resinous bark to exclude the intruder in coating it with 
its substance, until the fungus prevailed, separating the bark from 
the decaying substratum, and in falling was buried in a calcareous 
sea; hence the impossibility of preservation of its cellular arrange- 
ment or filamentous texture. The fine calcareous mud has filled 
its soft and loose tissue, calcifying it thoroughly, leaving only its 
unmistakable form and habitat. The Sigillaria, retaining some of 
its carbonaceous matter with faint traces of cicatrices, is thinly 
•covered with fine fragmentary crinoids and sheHs, as is also its 
parasite. The limestone slab, bearing on its surface these forms, 
contains the common fossils of that time. 

The substance of the fungus above described is of dirty yellowish 
color and of chalky softness, quite different from the hard, dark- 
bluish limestone. It is without any carbonaceous matter, fully 
concun*ing with another most remarkable fungus of a quite differ- 
ent genus from coal No. 5, Tuscarawas Co., 0., the substance of 
which is essentially the same. The latter is a most remarkable 
preservation with cellular arrangement and sporiferous tubes, and 
is astounding in size and generic character. It will be described 
in another paper. 



RECENT CHANGES IN THE MUIR GLACIER. 

By S. Prentiss Baldwin, Cleveland, Ohio. 

A comparison of the measurements of motion of the Muir gla^ 
cier made by Prof. G. F. Wright, in 1886, with those made by 
Prof. H. F. Reid, in 1890, brings out strongly the dependence of 
a glacier upon the minor and perhaps local changes of climate, and 
the rapidity with which the effects appear. 

In 1886 Prof. Wright reported a rate of sixty-five to seventy 
feet a day in the most rapidly moving portions;* but in 1890 Prof. 
Reid found no higher rate than a little over seven feet a day. t 
The bare statement of this apparent discrepancy, without 
any explanation, very naturally led, at first, to the belief 
that one set of measurements must be incorrect, and as 



♦Am. Jour. Sci., Jan., 1887; Ice Age in North America, 1889, p. 50. 
fNational Geographic Magazine, vol. iv, p. 44. 



Changes in the Muir Glaciet*. — Baldwin. 367 

Prof. Wright's observations were confessedly made with less care 
than Prof. Reid's his results were discredited. For that reason 
it seems necessary, before explaining the causes of difference, to 
turn attention for a few moments to the measurements themselves. 
This is made more necessary by the strange position taken by a 
recent writer, who, assuming that a glacier always moves at the 
same rate, and assuming that the measurements were taken in the 
same place, and in similar manner, has overlooked the statement 
made by Mr. Gushing, that * * undoubtedly the ice was in more rapid 
motion at the time of Prof. Wright's visit,"* and overlooked the 
other literature of the subject, to attribute the entire discrepancy 
to inaccuracy of Prof. Wright's observations, t 

When Forbes began his observations on the Mer de Glace, in 
1842, he made the following table of the results given by pre- 
vious observers, and after perusal of the table he declared that no 
confidence whatever could be placed in their records. 

Bakewell 540 feet per year. 

De la Beche 600 ♦* •* ** 

Shirwell 300 ** " ** 

Rendu 365 *' ** ** 

Saussure's ladder 375 ** •* •* 

But Rendu pointed out to him the reason for the differences, 
and in 1845 Forbes seems to have accepted Rendu's point of 
view. Prof. Tyndall says in his * 'Glaciers of the Alps:"t '*The 
numbers in the above table differ widely, and it is perhaps natural 
to conclude that such discordant results are of no value, but the 
fact really is that every one of them may he perfectly correct, " This 
old lesson is perhaps not yet quite out of date. 

The reasons for the discrepancy may well be divided into three 
classes: first, the probable error; second, difference in manner or 
locality of measurement; and third, actual difference of motion of 
the glacier. 

1. Probable Error. 

A. When Prof. Wright's results were announced six years ago, 
comparatively little was known of the motion of the glaciers in 
Greenland, or of other large glaciers, and the contrast of the Muir 

♦American Geologist, Oct., 1891, p.210. 

fW J McGee, Am. Anthropologist, Jan., 1893, p. 89, and Science, Dec 
2, 1892, p. 317. 

tPage 305. 
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motion with the few feet a day of the Alpine glaciers raised, at 
once, the feeling that such motion was impossible. But, at the 
present day, I would hesitate to take time to show the inherent 
possibility and probability of such motion, except that the work 
done by Danish geologists in measuring the rates of many Green- 
land glaciers seems to have escaped the notice of a recent writer 
in Science, who alludes to Prof. Wright's measurements as not * *in 
harmony with all other observations. "* 

Mr. Upham has kindly sent me the following notes from an 
article on ' *The Inland Ice of Greenland, " in the Scottish Greographi- 
cal Magazine:! *'The velocities of the same glacier at different 
seasons have also been partly determined. During this work, 
fluctuations have been discovered, of which the nature and cause 
remain completely unknown The measurements of twenty- 
five or thirty glaciers ending in deep fiords prove that the 

middle portions of all these glaciers, at the period of quickest mo- 
tion, have an average ve|pcity of 51 feet in twenty-four hours, or 

a little over two feet per hour The true home of icebergs 

is the coast between 68^° and 75® north latitude, which contains 
all the large ice-fiords on the western side that are thoroughly 
known. The most southerly, the Jacobshaven fiord, has been 
most minutely explored, and the observations extend over 
many years. The depth of the glacier in the center prob- 
ably amounts to considerably over 1,000 feet. The breadth 
is 14,000 feet, and the middle part moves in July <)3^ feet 
in 24 hours (Helland, 1875). About 4,000 feet nearer the side, 
in March and April (Hammer, 1880) the speed was 33 to 51^ 
feet. The declivity of the whole glacier was only ^^ . . . . The 
examination of the next section, from 69f^ to 72^^, was the 

work of Steenstrup The Torsukatak glacier is 25, 000 feet 

broad, and the velocity at some distance from the center is 16 to 
25 feet in 24 hours (according to Helland, 29,000 feet broad; 
velocity in the center, 30 to 32 feet)." Karajat glacier, 19,000 to 
22,000 feet wide, velocity 22 to 38 feet. Itivdliarsuk glacier, 
17,500 feet broad, velocity 46 feet in April, 21 to 28 feet in May. 

Between 72^^ and 75^, in the Bay of Augpadlartok <*the 

branch of the inland ice, which there descends into the sea, has 

*W J McGee, Science, Dec. 2, 1892, p. 317. 

fVol. V, pp. 18-28, Jan., 1889, translated by W.A. Taylor from Dr. H. 
Rink in **Zeitschrift der Gesellschaft f(\r Erdkunde zu Berlin, vol. 23, 
No. 5." 
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the highest rate of velocity ever observed in a glacier, namely, 
100 feet in 24 hours, or over 4 feet an hour. A measurement at 
about the same point gave only 34 feet per day in April. " 

In another place* we find that Prof. Steenstrup writes to Prof. 
Joseph Prestwich: **Mr. Care Ryder has measured a progress or a 
flow of the great glaciers, ninety-nine feet per diem or in twenty- 
four hours in summer, and thirty to thirty-five feet in twenty-four 
hours during winter months." 

The gi'eat size of the Muir glacier may well lead one to ex- 
pect a high rate of motion, while its form, and the small outlet 
through which its several hundred square miles of ice must be 
forced, would point to even a higher rate. The measurements of 
18861 were taken with a sextant, reading by vernier to ten seconds, 
from a base line, which was very carefully measured several 
times. They were taken every four days, and every reading was 
made independently by Prof. Wright .and the writer, and in case 
of disagreement each read the angle again. In no case did the 
two readings difiTer by more than twenty seconds, and seldom more 
than ten seconds, a variance which would not cause more probable 
error, in the greater motions, than a few inches or a foot The 
central portions of the glacier were so broken that it was impos- 
sible to cross or to set flags near the center, so measurements were 
taken to certain well defined pinnacles of ice. 

From the fact that Prof. Reid's part}" were unable to recognize 
from day to day any definite ice pinnacles from their base line, 
it has been suggested that Prof. Wright may have mistaken one 
point for another. Professor Wright^s base line was at the same 
level as the ice surface, and the faster moving points were white 
seraes of unusual form, seen against the dark background of the 
mountain beyond, while several of the nearer points were black 
with moraine matter and were seen against the white ice be- 
yond. 

Prof. Reid's base line was several hundred feet above the level 
of the ice, and he, of course, saw each point projected against its 
own color. I well remember that we could not recognize our 
points when we were above their level. The identification was 
complete, for to this day I remember the points well enough to 

♦Nature, Dec. 29, 1887. 

fFor full account see Am.Jour.Sci.,Jaii., 1887, p. 8, and The Ice Age in 
North America, p. 50. 
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sketch them so that Prof. Wright could recognize each one and 
call it by name. Prof. I. C. Russell writes me that in his attempt, 
in 1890, to measure the motion of the Seward glacier, his base line 
was on the same level as the boulders and pinnacles to which he 
sighted, and the identification was complete. 

In fact, a re-examination of the measurements shows no room 
for error more than the probable error necessary to any observa- 
tions under such conditions. What this is cannot be exactly as- 
certained. Prof. Reid gives as the possible error in his observa- 
tions two feet, or a ratio of 2:7. Prof. Wright's measurements 
were made with a less accurate instrument, but, on the other hand, 
the ratio of probable error decreases as the distance measured is 
greater, so that 2:7 would seem too large. That ratio would be 
twenty feet, but the probable error can hardly be more than ten 
feet, with a possible eiTor of fifteen. 

B. Prof. Reid, finding it impossible to identify seracs from his 
base line, undertook to set a line of flags across, and measured 
their motion with a theodolite, from two points on opposite sides 
of the glacier. * 

Prof. Reid made only two observations on his most rapidly mov- 
ing flags, on July 21st and four days later, but on the flags nearer 
the sides he was able to make several measurements. He gives 
two feet as the amount of possible error on his central flags. Thus 
it would seem that only a very small part of the discrepancy 
can be explained by inaccuracy of observation. 

2. Difference of Method or Locality. 

A. Prof. Reid, speaking of his inability to find the direction of 
motion from his observations, says: **Thi8, however, was unim- 
portant, for the direction is given by the moraines, which were 
about at right angles to the line E-K. " This seems not quite ac- 
curate, for examination of the map shows that the moraines of the 
eastern half are crowded by the strong stream from the north 
more and more toward the east side, as they near the front of the 
glacier, without anywhere turning toward that side. 

According to Prof. Reid's map, the moraine from Nunatak I, 
in moving two miles down the glacier, is forced three-fourths of a 
mile to the side. The moraines from Nunataks H and I, in mov- 
ing one and a half miles down, move five-eighths of a mile toward 

♦Nat. Geog. Magazine, vol. iv, p. 43. 
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each other, while the moraine from H is forced one mile toward E 
in a distance of two miles. The moraine from Granite canon in 
moving down three miles is forced side wise more than one and a 
half miles. From this it is evident that at any point of the mo- 
raine the direction of motion is not the direction indicated by the 
moraine at that point, but varies from that course 15^ to 45^ to 
the east So the moraines at the line of sight indicate a motion 
at right angles to that line, while they are really pushed sidewise 
toward E rapidly enough to increase Prof. Reid's most rapid rate 
by one-fifth, or more than a foot, and to become an important fea^ 
ture in higher rates. 

B. In regard to the localities of the measurements, it must be 
noted that the ice-front was 3, 000 feet farther back in 1890 than 
in 1886, but all the measurements were taken within 6,000 feet of 
where the ice-front of 1886 stood. 

In 1890 the part of the glacier where Prof. Wright's points 1^ 
2, and 3 had been, was gone; the part which contained 4 and b 
disappeared while Prof. Eeid's party were camped there; and the 
localities of 6, 7 and 8 had become nearly the land front of the 
ice. Prof. Wright's point 5 was farthest back, but that was at 
least 1,200 feet in front of Prof. Reid's line of measurement. 
Prof. Wright's point 2 was 3, 700 feet in front of that line. It 
should be stated that these points are not accurately located on 
Prof. Wright's sketch map in the **Ice Age in North America." 

Examination of the glaciers of the Alps has shown that very 
considerable local differences of rate are caused bv a small variation 
in descent or form of the bed. The Muir glacier must be subject 
also to more or less local influence from the side glaciers entering 
it, but it would hardly seem that these causes could account for 
more than small differences. They may have been responsible for 
a part of the seeming discrepancy between the measurements of 
the two seasons. 

C. Prof. Held, finding it impossible to cross the glacier was un- 
able to set flags over a distance of fifteen hundred feet in the 
most crevassed and most rapidly moving portion of the glacier. 
That his measurements thus fail to give the highest rate then ex- 
isting on the glacier, Prof. Wright has pointed out in his last 
book* and this undoubtedly explains a part of the discrepancy, but 

*Man and the Glacial Period, 1892, p. 47; also Amebican Gbologist^ 
Dec, 1892, p. 397. 
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Mr. Cushing has recently well shown that it is quite incompetent 
to explain the whole difference between eight or ten feet and sixty- 
five feet. * 

3. Actual Difference of Motion of the Glacier. 

A. Mr. Cushing first pointed out the connection between the 
reduced rate of motion found in 1890 and the remarkable changes 
of condition which had taken place since 1886,t and Mr. Upham 
has quite recently attributed the apparent discrepancy in part to 
that same cause,t but the extent of these changes and of their 
effect seems not to have been f uUv shown. 

So much evidence of recent recession of the glacier has been 
given in all late accounts, and Mr. Cushing has so clearly pre- 
sented that evidence to the readers of this magazinej that little 
comment is necessary. Suffice it to say that the glacier has been 
retreating very rapidly for the last fifty or one hundred years, 
leaving long stretches of moraine upon which no soil has formed 
and no plant grows, although the region is very favorable to vege- 
tation. The eastern half of the glacier seems to have very little 
motion, and to receive very little re-enforcement from winter snows. 
In fact, it is entirely cut off from its sources of supply, and re- 
treats down its valleys instead of up. Where we should expect 
n6v6 we find a lake and the melting end of the glacier. Mr. Cush- 
ing says: * 'Hence the ice lying in Granite cation presents the same 
features as that in Main valley. The ice is inert It has no 
feeders. It has disappeared from the upper portions of the val- 
ley while 3'et lying in considerable force in the lower portion. It 
diminishes in altitude toward the head of the cafion, the highest 
point in the vicinity lying nearly three miles south of the entrance. " 
Again: *'If there is the present slow flow of ice in Main valley 
alread}^ spoken of, a flow in both directions from the highest point 
of the ice, there must be a corresponding slow flow of the ice back 
into Granite caiion. '* That this remarkable diminution is quite 
recent is evident from the moraines which extend from Granite 

♦American Geologist, April, 1893, pp. 276-8. 
t American Geologist, Oct., 1891, p. 210. 

J'*Comparison of Pleistocene and Present Ice-sheets," Ottawa meeting 
of G. S. A., Dec. 29, 1892. 

See also '*MuIr Glacier," S. P. Baldwin, Scientific American, April 9, 
1891, p. 227, and '^Review of Prof. Reid's Studies of the Muir Glacier," 
in American Geologist, Nov., 1892, p. 326. 

^American Geologist, Oct., 1891, pages 210-216. 
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canon and Main valley to the ice-front, although the upper por- 
tions now move back toward their parent ledges. 

The most noticeable change was the recession of the ice-front 
three thousand feet during the four years from 1886 to 1890. 
The position of the ice-front depends mainly on the rate of motion 
of the ice and on the rate at which the front melts back or breaks 
off. The aerial melting is evidently a small factor in the retreat 
of the water front, and conditions under water are subject to but 
very slight variations, as of temperature or tides. It follows, there- 
fore, that this recession can only be due to reduced rate of motion. 

In 1886 the ice-front was from 250 to 300 feet high above the 
water, and the general surface where the measurements were taken 
was a little over 400 feet above the water. In 1890 the hight of 
ice-front varied from 126 feet to 210 feet,* averaging 170 feet 
The difference is much greater than at first appears, for this level 
of 170 feet was back at the point where Prof. Wright's furthest 
measurements were taken, that is, where the ice stood over four 
hundred feet above the water in 1886. Since the slope of the 
glacier from the front was nearly the same in both periods, we 
must conclude that the entire surface of the glacier was two hun- 
dred and thirty feet higher in 1886. 

The moving force of the glacier is that part which is above the 
«ea level, for it is evident that the ice below sea level is restrained 
from originating any tendency to motion outward by the presence 
of the waters of the bay. This moving force, then, in 1886, was 
two and one-third times as great as in 1890, or, if we drop one- 
third to allow for error, it was at least twice cm great^ while the 
mass to be moved, if we suppose the glacier to be about one 
thousand feet thick, was only about one-fifth greater. Just what 
the effect may be of such a difference in vertical front, is difficult 
to say, but it is certain that any cause affecting the entire surface 
of the glacier must have a much intensified effect, when its results 
are condensed into the small space allowed by the narrow opening 
into Muir Inlet 

B. On account of the general low condition and the position 
of the ice-front in 1890, the western branch seems to have added 
little, if any, pressure toward the outlet, while in 1886 it pushed 
directly toward and into the outlet 

C. The glacier in 1890 was discharged through an outlet fifteen 

♦See map by Prof. Reid, Nat. Geog. Mag., vol. iv., p. 55. 
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hundred feet wider than in 1886. It is evident that when a mass 
so great as that of the Muir glacier is forced through a very narrow 
outlet, the rate of motion through that opening must be very great, 
while any widening of the outlet will largely decrease the rate. . 

D. The form of the ice front of 1886 seems to show that the 
glacier was in an actual state of advance during that season. When* 
a glacier, which has both land and water front, remains in a state 
of equilibrium, or of retreat, the water front retreats more rapidly 
than the land front, and forms an embay men t. A projection of the 
water front beyond the land wings indicates positive advance. 

Prof. Reid has set forth ver}' clearly the conditions holding at 
the ends of tide-water glaciers. * He shows that the waste by 
melting above the water surface is unimportant, but that the ice in- 
contact with the water is melted more rapidly than that exposed to 
the air. Add to this waste the loss by breakage, and it is plain, 
that the water front wastes more rapidly than a land front. In 
tide-water glaciers the breakage is the more rapid because of the 
tides, particularly in Glacier bay, where the usual tides are about 
fifteen feet and the spring tides as much as twent3^-three feet The 
period of most numerous ice falls in 1886, was the time of spring 
tides. I think Prof. Reid observed the same phenomenon. 

This embayed form is illustrated in most glaciers of to-day 
which have water fronts, as the Greenland glaciers. The Tracy 
glacier of Bowdoin bay shows it very plainly, as pictured by Lieu- 
tenant Peary. The Marjelen lake encroached upon the Aletsch 
glacier while it stood at high level. 

But the moraines of the Glacial period show this more plainly, 
since we know that the ice was in retreat or equilibrium while they 
were formed. A great moraine which crosses New Hampshire and 
Vermont turns northward near Burlington and passes through Mil- 
ton, Vt. , to Beekmantown and Altona, N. Y., showing an embay- 
ment of ten to fifteen miles. Mr. Upham writes me: **As you 
inquire about the glacial lake Agassiz, whether its expanse of 
water washing the ice-fix)nt caused it to be indented by an embay- 
ment, as made known by the courses of the terminal moraines 
which come to (and in very low and changed form run across) the 
lake area, I have to reply, Yes, very definitely so, for the eighth, 
ninth, tenth and eleventh, or respectively the Fergus Falls, Leaf 
Hills, Itasca, and Mesabi moraines. The extent of the indenta- 

*Nat. Geog. Mag., vol. iv, pp. 47-49. 
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tion of the ice boundary was fifty to one hundred miles back from 
the lobed extensions of the ice-sheet on each side. "* 

The slowly changing land wings are only affected by long con- 
tinued causes, while the water front easily vacillates with any 
slight change of conditions. The Muir glacier affords a striking 
illustration. In 1886 the water front extended about fifteen hun- 
dred feet beyond the land wings, indicating advance. In 1890 it 
was in a very low condition and at least fifteen hundred feet back 
of the land wings, as beautifully shown in photograph taken by 
Prof. Reid.t In 1891 Miss Scidmore found the front still in em- 
bayed form, but it is a significant fact that the season of 1892, 
like 188C, was a season of real advance, as shown both by the 
form of water-front and by the fact that the ice had actually ad- 
vanced nearly to the position occupied in 1886. 

It should be noted that a small angle of ice, in the center, pro- 
jecting, even in the embayed form, beyond the rest of the water 
front, is no indication of the general condition of the glacier, but 
only of the more rapid motion in the center. 

E. While the width of outlet from the great amphitheater of 
the Muir glacier only slightly exceeds the width of many Alpine 
glaciers, the area of ice to be discharged through this outlet is 
much greater than the area of any Alpine glacier. 

The remarkable changes in the glacier are evidently due to this 
concentration of effects, and do not demand unusual changes of 
climate. What the difference of meteorological conditions may 
have been it is impossible to say, on account of the fragmentary 
character of the observations taken in Alaska, and their distance 
from Glacier bay. 

TUCUMCARI MOUNTAIN. 

By W. F. Cummins, Austin, Tex. 

Tucumcari mountain is situated in New Mexico on the south 
side of the Canadian river about fiftv miles west of the west line 
of Texas. It is one of a number of buttes in that vicinity, remnants 
of the old table land. 

In 1853, professor Marcou passed through that part of the 
country and afterwards published a map of the line traveled over 
through eastern New Mexico. 

*8ee also **OIaclal Lakes In Canada," Bnlletiu, G. S. A., vol. ii, p. 273. 
fNat. Geog. Mag., vol. iv, p. 47. 
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In 1891, I traveled the same route followed by professor Mar- 
•cou, and when I reached the locality found that the mountain 
marked Big Tucumcari on Marcou's map is now called Mount 
Revuelto, and his Little Tucumcari is called Big Tucumcari, and 
the name Little Tucumcari is now applied to the small mountain 
between his Big and Little Tucumcari. 

The question very naturally arose as to which butte was really 
entitled to the name Big Tucumcari, the Cenx) de Tucumcari of 
the first travelers. After looking into the matter as closely as my 
facilities admitted, I concluded that from some cause unknown to 
me, Marcou was in error, and so stated in my report and made my 
map to correspond with the facts as I understood them. I did not 
know Prof. Marcou's reasons for applying the names as he had, 
and did not assign an}^ reason why I thought a mistake had been 
made by him. 

In the American Geologist, Dec, 1892, in a review of my re- 
port. Prof. Marcou contends for the correctness of his designation, 
saying, « ' The map of Mr. Cummins in the Third Ann. Rep. Greol. 
Sun-e}' of Texas, is at variance with the three first maps published 
and according to the right of priority cannot be used for geograph- 
ical names of the Tucumcari mesa. " 

It is due to Prof. Marcou and no less to myself for me to make 
a statement of the reasons why I believed him to be mistaken in 
the application of the names. 

A word in regard to priority as I understand it : Had Prof. 
Marcou and party been the first explorers through the country 
and had they found a number of buttes and designated an}' one 
of them by a certain name and given its position on a map so 
that it could be identified by later travelers, he then could have 
claimed priority. But if he went into a country where others had 
been before him and where a peculiar butte had previously been ob- 
served and named and where such a minute description of it had been 
given as to enable others who visited the same locality later to iden- 
tify it by the description, then the claim for priority would not be 
available for any map he might publish that did not agree with 
the previous designation. It was upon the very ground of priority 
that I thought Prof. Marcou was wrong in his designation. 

Prof. Marcou can maintain his right to priority to the name 
^ ' P^Tamid mount " for one of the buttes in that vicinitj' because 
he gave that name to a hitherto unnamed hill. But Prof. Marcou 
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lays no claim to the name Tucumcari, but affirms that he applied 
the name to a butte that had been so designated by others by that 
name and was well known at the time of this visit. His claim for 
priority has no force unless he can show that he followed what had 
already been done by others. 

That he did not follow what others had done before him I think 
can be shown, and that he did not so follow his predecessors was 
my reason for making my map different from his and suggesting 
the mistake. 

The first thing to consider then is, the amount of information 
in existence at the time of Prof. Marcou's visit, and the precision 
with which mount Tucumcari had been described. 

The first mention I have been able to find of Tucumcari is in 
**Commerce of the Prairies,*' written by Josiah Gregg.* 

In that report it is said that he left Van Buren, Ark. , on the 
21st of April, 1839, with an expedition for Santa Fe, New Mex- 
ico. The party traveled up the north side of the Canadian river. 
When about sixty miles east of the narrows of the Canadian on 
the 20th of June, he left his wagons and with three Comancheros 
(Mexican Comanche traders) as guides started ahead for Santa Fe^ 
while the wagons were to follow more leisurely. They followed a 
cart trail up the north side of the Canadian to the narrows where 
the point of a very high plateau projected so abruptly^ against the 
river as to render a passage with wagons very difficult if not im- 
possible. He says: ^^Upon expressing my fears that our wagons 
would not be able to pass the Angustura in safety my comrades 
informed me that there was an excellent route of which no previ- 
ous mention had been made, passing near the Cerro de Tucumcari, 
a round mound visible to the southward." 

Gregg sent one of the Mexicans back to the wagons with in- 
structions directing the party to take the route by Tucumcari 
which they did and reached the Pecos river at Anton Chioo. 

In 1840 a party known as the Santa Fe expedition, left Austin, 
Texas, bound for Santa Fe, New Mexico. 

The expedition divided into two parties at the head of Big 
Wichita river. One party was to travel ahead as rapidly as possi- 
ble while the other was to follow at a more leisurely gait. The 
first party traveled northwestward and struck the Canadian at the 
Arroya de Truxillo and followed up the river to the road from 

♦Com. Prairies, Vol. ii, p. 59. 
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Independence, Mo. , to Santa Fe which led them to Anton C hico. 
Some Mexicans were sent back as guides to the other party which 
was led by the way of Tucumcari and along the road afterwards 
pursued by emigrants along the Canadian to New Mexico. (Pa- 
cific R. R. Reports, Vol. XI, p. 39, Supplement. ) 

In 1849 Lieut. J. H. Simpson traveled through the country. 
Keeping along and over the bluffs bordering the south side of the 
Canadian river as far as Rocky Dell creek, they gradually diverg- 
ed southwest from the river to the Tucumcari hills. Continuing west 
they crossed the Gallinas some ten miles above the mouth and 
struck the Pecos river at Anton Chico. 

Of that part of the trip Lieut. Simpson makes the following 
statement 

Page 13. — **The next object of interest to the traveler will be Cerro 
de Tucumcari, or Tucumcari hill, which he will begin to see a mile or 
two after crossing Emigrant creek. In relation to this hill I extract 
the following from my Journal : 

**Camp 55, June 16. — The route to-day has been Interesting, on ac- 
count of Its developing the accuracy, of my calculations In regard to our 
geographical position. Soon after taking up the line of march, a small, 
faint, cloud-llke appearance of small but growing extent, exhibited it- 
self, bearing magnetically nearly west. A few miles further on, this 
appearance gave way to a well defined, truncated cone. Proceeding 
still farther on, and in proportion as we progressed, a domelike appear- 
ance gradually unfolded itself, till at length, when we had almost reach- 
ed our present pamp [page 14], an assemblage appeared which did not 
fail to strike many of us as being a most excellent representation of the 
dome of the Capitol at Washington. This object which we have gazed 
at nearly all day with the greatest interest, we take to be the Cerro de 
Tucumcari ; and if so it very satisfactorily accords with the geographi- 
cal position which my observations, in connection with the map of 
lieutenant Abert, give. There have been some among the emigrants 
who have been disposed to be skeptical as to the efiQciency of the watch 
— as they call the chronometer — in determining our position ; but, as 
Capt.Marcy remarked to me this afternoon, *they must now begin to have 
more faith in its reliability.' The guide we have with us, though ac- 
quainted with the country on the north side of the Canadian (west of 
the Antelope hills) has known nothing of it on this side since we left 
the vicinity of Ohoutau's."* 

And again: 

*'Camp 57, June 18. — This day has been one of interest to us, for two 

^Report of Exploration and Survey of route from Fort Smith, Ar- 
kansas, to Santa Fe, New Mexico, made in 1849 by First Lieut. James 
H. Simpson, Corps of Topographic Engineers. (House of Representa- 
tives Ex. Doc. No. 45, 31st Cong., 1st Session.) 
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reasons. A number of Ck)inanches — the first we have met — have been 
into camp and we have been assured by them that the hill which we 
have been regarding for the past three days is indeed Cerro de Tucum- 
<^ari. My calculations then have proved correct ; and when there has 
been so much to mislead — perpetrated doubtlessly unwittingly by those 
who have preceded us — in regard to the distance to Santa Fe, it is a 
gratification to find that the information I have given from time to time, 
in direct opposition to more flattering statements, has become corrobor- 
ated. 

**And again from my Journal of the same day, in reference to my visit 
to the hill : 

**Finding that our road to-day was shunning the hill which we are 
now assured is the Cerro de Tucumcari of Gregg, when seven miles from 
our last camp I started for it in company with an escort of three dra- 
goons, to approach and ascend it. Startling on our way some eleven or 
twelve deer and half a dozen hares, and passing over a poor soil covered 
with the Mexican soap plant, we reached it after a two hours or eight 
miles ride. Telling one of the dragoons to time his horse around the 
base, and giving the charge of the others to the other dragoon, I took 
the third with me up the hill. After a most laborious ascent, of which 
some fifty feet were nearly vertical, we reached at last its summit. On 
«very side was an unobstructed view. To the west and south lay aeon- 
fused mass of irregular hills, with here and there a well defined conical 
one to characterize the scene. Far behind to the west lay a range of 
mountains or hills, and more conspicuous than the rest a high peak 
which I thought might possibly be a glimpse of the Rocky mountains. 
(It proved not, however, to be these mountains.] 

*^To the south some eight miles distant, I could see with my recon- 
noitering glass the serrated tents of our little command, quietly repos- 
ing on a timbered affluent of the Canadian, to which they had resorted 
since I had left them. To the southeast and east lay the famous *Llano 
Estacado' of the Mexicans. To the northeast and north lay a limitless 
extent of broken undulating prairie, no signs of the Canadian being ap- 
parent. Pacing the top of the mound I found it to be 230 yards by 370 
in area; and by a measurement of the slope of the hill, and roughly re- 
ducing it to an angle of 45 degrees, I made its hi^ht to be over 700. The 
circumference of its base to our surprise I found to be nearly six miles, 
it having taken a horse two hours, less eight minutes, to walk around 
it. It was most refreshing to both the dragoon and myself in [page 15] 
our descent, when we were almost ready to die with thirst, to find a cou- 
ple of small springs whence we drank copiously.*'* 

It will be seen very readily from these quotations that there was 
a well known route through the region at the time of Prof. Mar- 
cou*s visit and one of the buttes was known as the Cerro de Tu- 
<}umeari. 

The description of this butte is given by Lieut. Simpson with 
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such minuteness that there is no mistaking to which of them he 
gave the name Cerro de Tucumcari, and that the description he 
gives cannot be applied to the Big Tucumcari of Marcou and can 
only be applied to the one designated by me as Big Tucumcari,. 
for the following reasons : 

First, — From the distance at which Tucumcari can be seen 
from the eastward along the route traveled by Lieut. Simpson, be- 
ing the same route traveled by Marcou. Lieut. Simpson says of 
it: **a mile or two after crossing Emigrant creek. " I traveled 
along the same road and saw it from the top of the plains eight 
miles east of the Texas state line. 

The adjoining plate is an exact copy of Prof. Marcou's map up- 
on which is shown the line of travel. The dotted line shows the 
northern escarpment of the Llano Estacado, which rises to the 
hight of four or five hundred feet above the plain along which the 
line of travel is marked. The map shows the relative position of 
the hills under discussion. 

Now let the reader take this copy of Marcou's map and with a 
ruler draw a line touching the extreme northern limit of Marcou's- 
Big Tucumcari, and his Mont E^vuelto, and he will see that a 
straight line protracted will not again touch the line of travel af- 
ter having crossed it at the base of Marcou's Revuelto. From 
anywhere east of the Revuelto along the line of travel, according 
to his map, his Big Tucumcari cannot be seen. E^vuelto of Mar- 
cou is a point of the Staked Plains and is as high as his Big Tu- 
cumcari. Of Revuelto he says: **It is the most prominent peak 
and the best landmark of the area and it is not easy to make a 
mistake with." Being so prominent it of course hid from view 
from the east his Big Tucumcari. 

Second, — The form it presents when first seen in the distance. 
Gregg mentioned it as a round mound plainly visible from the 
north. Simpson mentioned it as a **well defined, truncated cone," 
and as they got nearer it resembled the dome of the capitol at. 
Washington. 

That is exactly the appearance of the butte called Big Tucum- 
cari by me, but the other presents no such appearence when view- 
ed from any direction, and especially from the east as it cannot be 
seen very far in that direction. 

Third. —The hight of the summit. Lieut. Simpson estimates 
the hight of the hill above the base at 700 feet. By repeated. 
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measurement with an aneroid barometer we found the hight of the 
summit to be 620 feet above the base and 4720 feet above the sea 
level; while Marcou's Mont Revuelto, the most prominent peak, 
is 4520 above the sea level, making the hill I call Big Tucumcari 
200 feet higher than all other peaks in that vicinity. This accounts 
for the fact that the one called Cerro de Tucumcari comes into 
sight before the others from different directions. 

Fourth, — The situation the two hills occupy as to the old road. 
Simpson put it on the north side of the road. In the quotation 
from his journal he says: ^'To the south some eight miles distant, 
I could see with my reconnoitering glass the serrated tents of our 
little command, quietly reposing on a timbered affluent of the 
Canadian. " 

It will be seen by reference to the map that the Big Tucumcari 
of Marcou is on the south side of the old road, the road passing 
verj' near to its northern base. 

Fifth, — From the position Cerro de Tucumcari occupies with 
reference to the other hills in the vicinitv. 

The Cerro de Tucumcari of Lieut. Simpson is the most north- 
em hill in the vicinity. He says: **To the northeast and north 
lay a limitless extent of broken undulating prairie;" and again, 
<*To the west and south lay a confused mass of irregular hills." 

Sixth. — From the area of the base. The hill called Big Tu- 
*cumcari by Marcou is irregular in outline, and the side on the 
north next to the road is nearly four miles in extent and is not 
less than ten miles in circumference. 

Lieut. Simpson says of Cerro de Tucumcari: **The circumfer- 
ence of its base to our surprise I found to be nearly six miles, it 
having taken a horse two hours, less eight minutes, to walk 
around it." 

Seventh, — From the size of the area of the summit. On the 
top of Prof. Marcou's Big Tucumcari there is not less than two 
square miles. 

Lieut. Simpson says of the one he called Cerro de Tucumcari : 
**Pacing the top of the mound I found it to be 230 yards by 370 
in area." We found it to be about the area given by Lieut Simp- 
son. 

Eighth. — From the difference in position of Cerro de Tucum- 
cari of Simpson and Big Tucumcari of Prof. Marcou as to the 
Llano Estacado. The hill called Big Tucumcari by Prof. Marcou 
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is the one farthest south and is only a few miles from the escarp- 
ment of the Llano Estacado. . Lieut Simpson says : < ^To the 
southeast and east lay the famous 'Llano Estacado* of the Mexi- 
cans." Had he been within a few miles of the Plains and they in 
full view on the south with no intervening hills he would certain- 
ly have mentioned them in that direction as well as to the south- 
east and east. 

It is evident to me for the reasons assigned that the Big Tu- 
cumcari of Marcou is not the same as the Cerro de Tucumcari of 
Simpson, and that the one now known as Big Tucumcari by the 
inhabitants of the country and so marked on my map is the one 
described by Lieut. Simpson. 

The name Revuelto,as applied to a hill in that vicinity, is not 
mentioned by any of the early travelers through the country prior 
to the visit of Prof. Marcou. The name is given by him to a point 
of the Staked Plains where the line of the escarpment turns almost 
at a right angle from a west to a south course. It is not an iso- 
lated peak as are the other buttes in the vicinity, and is only prom- 
inent on account of the turning of the line of escarpment so ab- 
ruptly to the south. The hill called Big Tucumcari by Marcou is 
now called Revuelto by the inhabitants of that country. 

The peculiar appearance of the Staked Plains at Monte Bevuelto, 
described by Prof. Marcou* * 'as having a second gigantic step or 
grade called by the Mexicans Monte Revuelto," is also espec- 
ially applicable to his Big Tucumcari. When it comes into sight 
at his camp No. 3 there is seen to be a second hill or step on the 
top of the other, sitting back some distance from the top of the 
first elevation. 



NOTE ON AN AUGITE SODA-GRANITE FROM 

MINNESOTA.! 

By Ulysses Sherman Qrant, Minneapolis, Minn. 

The object of this communication is to call attention to an 
interesting type of granite from the Pre-Cambrian rocks of north- 
eastern Minnesota. It occurs on the shores of Kekequabic lake, 
which lies near the northern edge of Lake county and only a 
mile or two south of the International boundary. This granite 
has often been mentioned in the reports on this region, but it has 

*Geol. N. A., p. 55. 

fPublished by permission of the State Geologist of Minnesota. 
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never been carefully studied microscopically and chemically. It 
is found it two facies, a granitic and a porphyritic, which seem 
to be rather distinct from each other in their field relations and in 
hand specimens, but in reality they are very closely related, un- 
doubtedly forming parts of the same rock mass. The granitic 
facies occurs in a roughly oval area whose major axis (east and 
west) is about four miles, the minor axis being less than two. It 
has been described as a fine syenitic gneiss or granite* and as a 
pyroxene granite, t The porphyritic facies is confined to a number 
of small, isolated areas occurring irregularly in the clastic rocks. 

The minerals composing the granite are feldspar (mostly anor- 
thoclase), quartz and augite, with accessory hornblende, biotite, 
apatite and sphene. The structure of the rock is truly granitic, 
its description as a gneiss arising from the fact that it is some- 
times broken into roughly parallel layers, but there are no 
structural or mineralogical differences between the layers. The 
granitic facies is of a dull pinkish color and of medium grain; 
the feldspar often shows a decided tendency to a more or less 
complete idiomorphic development. The prophyritic facies is 
of a gray color and has a very fine-grained — almost microgranitic 
— ground-mass composed of quartz and feldspar; in this ground- 
mass are imbedded numerous large and sharply outlined phen- 
ocrysts of feldspar and smaller ones of augite. The feldspar 
phenocrysts are sometimes arranged in roughly parallel lines, but 
this is never very pronounced. 

On chemical analysis the two facies are found to agree very 
closely. A noticeable fact brought out by these analyses is that 
in both cases the proportion of soda is very much larger than 
that of potash. Using the term * *soda-granite" as a true granite 
in which the soda is in excess of the potash, this rock would 
belong to the series of soda-granites, which, while reported from 
several localities in Europe, have as yet been rarely found in 
America. Such a rock has been described by W. S. Bayley from 
Pigeon point, Minnesota, on the north shore of lake Superior, 
in connection with a quartz-keratophyre.t The analyses of both 

*N. H. Winchell, Geo), and Nat. Hist. Survey of Minn., 15th (1886) 
Ann. Rep., pp. 3(>l-369; 16th (1887) Ann. Rep., pp. 100-108. A. Winchell, 
Ibid., 15th Ann. Rep., pp. 149-156. 

fU. S. Grant, Ibid., 20th (1891) Ann. Rep., pp. 69-82. 

j: A quartz-keratophyre from Pigeon Point and Irvlng's auglte-8yenites. 
Amer. Jour. Sci., (3) vol. 37, pp. 54-62, Jan., 1889. 
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fftcies of the rock under consideration and of three other soda- 



granites are as 
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100.05 99.92 100.49 101.07 100.37* 

I is the granite from Kekequabic lake, Minnesota (No. 551G 
of the Minnesota Survey series); II is the prophyritic facies of 
the same (No. 86G); III is a soda-granite from Donegal, Ireland;! 
IV is the Aughrim (Ireland) soda-granite ;t V is the rock from 
Pigeon Point, Minnesota.? In comparison with the last three 
analyses given above and other published analyses of soda- 
granitesll the rock here described is seen to be lower in the 
amount of silica and usually higher in soda than other granites 
of this' series. The large proportion of soda finds expression in 
the composition of the augite as well as in that of the feldspar, 
as will be seen in the analyses given below. 

The feldspars are mostly polysynthetically twinned and show 
the optical properties of plagioclase, but a considerable number 
in the granitic facies of the rock are untwinned and seem to be 
monoclinic in character. Zonal structure is quite common in the 
phenocrysts of the porphyritic facies. On separating a powder 
of a fresh specimen of the granitic facies (No. 551 G) by means 
of Thoulet's solution, the larger proportion of the feldspar fell 
between 2.58 and 2.62, which would indicate that it was a mix* 
ture of the orthoclase and albite molecules, and the analysis of 

^Including traces of Li, O and CI and 0.15 of Ba O. 

tS. Haughton, Q. J. G. S., v. 20, p. 269. 

t\\. J. Sollas, Trans. Roy. Irish Acad., v. 29, pt. 14, p. 471. 

§Amer. Jour. Sci.,(3) v. 37, p. 59. 

I Cf. A. Gerhard, Neues Jahrbuch f. Mln., Pet. u. Pal., 1887, II, pp. 
267-275. 
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this feldspar, as here given, shows that it belongs to the anor- 
thoclase series. It is to be noticed that the silica percentage 

SIO, AljO, Fe,03 CaO MgO K^O Na,0 H,0 Total 
67.99 19.27 0.82 0.75 0.02 3.05 6.23 0.90 99.03 

is larger than is required by the amount of soda, potash and lime 
present; this is probably due to the fact that a small amount of 
quartz was so intimately intergrown with the feldspar that the 
two could not be completely separated. This feldspar is then an 
anorthoclase with approximately the composition Or^^ Ab^^ An^. 
The specific gravity of several of the phenocrysts of the porphy- 
ritic fades of the rock was determined. It ranges from 2. 59 to 
2.60, which, together with analysis of the whole rock (II above), 
is suflQcient proof of its being anorthoclase. 

The quartz is found an comparatively small quantities, rarely 
amounting to more than one-quarter of the mass of the rock. 
It never occurs as phenocrysts in the porphyritic facies of the 
granite and in the granitic facies it was the last mineral to crys- 
tallize, occupying small areas between the feldspars, which are of 
larger sizes and frequently partially idiomorphic. 

The augite is the most interesting mineral in the rock, as true 
granites in which this mineral is the chief ferromagnesian con- 
stituent are comparativel}' rare. It makes up from five to twenty 
per cent, of the whole rock and in the majority of sections is the 
only ferromagnesian mineral present. A few small flakes of 
biotite are found in some sections, and original hornblende occurs 
less frequently. In the porphyritic facies and in the freshest 
specimens of the granitic facies the augite is seen in its best 
development. It occurs in short, stout prisms bounded by the 
unit prism, ortho-pinacoid and clino-pinacoid; the terminal faces, 
with the exception of the basal plane, are not well developed, 
there being a tendency to the rounding off of the edges of the 
basal plane, but a clino-dome is sometimes noticeable. The 
color of the augite is green, although there are parts of some 
crystals which are colorless, and entirely colorless individuals are 
rarely seen. A slight pleochroism is to be noticed in some sec- 
tions, a and b being green and hardly distinguishable from each 
other, while c is a yellowish green. Zonal structure is rather 
common ; in such cases the center is colorless or of lighter color 
than the outer layers. The colorless centers sometimes pass 
gradually into the colored rims, but usually the two are separated 



Augite Sodd- Granite from Minnesota. — Chrant, 387 

by a distinct line. The outlines of these colorless cores ate ir- 
regular and are usually not crystal lographic planes. The green 
crystals and rims have a lower index of refraction, lower double 
refraction and a smaller extinction angle than the colorless 
variety. In a section of a zonal crystal cut parallel to the clino- 
pinacoid the colorless interior has an extinction angle, measured 
against the cleavage, of 40 degrees in acute angle B, while the ex- 
tinction angle of the green outer rim is about 25 degrees. From 
this it seems that the green crystals and rims contain more of the 
acmite molecule than the colorless ones. A very typical fresh 
specimen (No. 86 G) of the porphyritic granite was powdered and 
the augite separated and analyzed. This augite is fresh and un- 
altered and the powder, which fell at about a specific gravity of 3, 
is quite pure, as in this specimen of the rock the only minerals 
present were feldspar, quartz, augite and a few small fibers of sec- 
ondary hornblende. The analysis is as follows: 

SiO, Al.Og FejOg FeO CaO MgO K^O Na^O HjO Total 
53.19 2.38 9.25 5.15 17.81 9.43 0.38 2.63 0.01 100.23 

Assuming that this represents an isomorphous mixture of the 
diopside, heddenbergite, acmite and fassaite molecules, and calcu- 
lating their relative proportions, we get approximately the result 
given below. In the considerable percentage of the acmite mole- 
cule this approaches in composition the augite of the more alka- 
line rocks, the eleolite syenites. 

Diopside, Mg Ca SijO^ 47 per cent. 

Heddenbergite. Ca Fe SijOe 27 «* 

Acmite, Na Fe Si,Oe 21 " 

Fassaite, Mg Al, SiOe 5 '* 

Tiie augite is often seen altering to fine green hornblende nee- 
dles, and sometimes the needles have been developed all through 
the rock mass. An attempt lias been made to measure the angles 
occurring on some of the larger crystals of augite detached from 
the rock, but the faces gave such imperfect reflections that no re- 
liable results could be obtained. 

The original accessory minerals occur only in small amounts. 
Secondary hornblende is common and abundant in all the altered 
specimens of the granite, wliile original hornblende has been no- 
ticed in but three sections, and here it, together with the biotite, 
is as abundant as the augite. Biotite, aside from the case just 
mentioned, is sometimes seen in small flakes in the porphyritic 
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faciea of the rock. Apatite occurs sparsely in short, stout prisms, 
and sphene is uncommon. 

The writer expects to present soon an account of the geology of 
the region about Kekequabic lake, in which this interesting gran- 
ite will be treated more in detail. There is reason to think that 
soda-granites will be found more extensive!}' developed in the lake 
Superior region than has heretofore been supposed. It seems 
that some of the augite syenites of the Keweenawan, as already 
suggested,* may fall into this class, and there are numerous dykes 
in the Keewatin of northeastern Minnesota, described as quartz- 
porphyries and syenite porphyries,! a careful study of which will 
probably show that their feldspar is largely anorthoclase. 

Thanks are due to Prof. G. H. Williams for kind suggestions 
and aid in the study of this granite; and to Prof. J. A. Dodge and 
C. F. Sidener of the University of Minnesota by whom the analy- 
ses were made. 

Petrographical Laboratory^ Johns Hopkins University. 
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DRIFT MOUNDS NEAR OLYMPIA, WASHINGTON. 

By G. O. RooBBS, Dorchester, Mass. 

Nature's architecture is always interesting, often beautiful; but 
frequently the history of a structure presents many perplexing 
difficulties to solve. Toward the western coast of Washington, a 
few miles south of Olympia, are found an immense number of pe- 
culiar tumuli, from three to five feet high, thirty feet more or less 
in diameter, regular in size, having the form of a broad-based cone, 
composed of a heterogeneous mass of sand and gravel, enclosing 
plentiful water-worn pebbles and cobbles, such as usually appear 
in modified glacial drift These mounds cover a large area, em- 
bracing hundreds of acres, for the most part open prairie, with a 
very slight westerly dip. The forests, however, have encroached 
to such an extent that large numbers of the mounds are found 
within the timber. They can be numbered by thousands, and are 
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so plentifully distributed that in the open prairie they present the 
appearance of a vast field of hay-cocks. They are without order. 
The bases of many lie nearly contiguous, while others are many 
j'ards apart. The nearly level earth between the tumuli is more 
or less strewn with pebbles and cobblestones, similar in character 
to those of the mounds. These heaps at once attract the attention 
of ordinary observers as they pass through them on the railway 
train to and from Olympia. To the trained student of Nature 
they inspire a subtle and profound interest, but the attempt to 
solve the problem of their history involves many difficulties. For 
the last twenty years they have been studied with more or less 
care. Several theories have been presented, which require men- 
tion here. 

The speculative hypothesis that the tumuli were built by fish 
while the land was submerged in comparatively still water seems 
improbable from their physical structure. Fish,forming heaps for 
breeding purposes, would not pack together sand, gravel and cob- 
bles, as in these large mounds. It has been supposed by some 
that the Indians constructed them for burial places, or to clear the 
land. If for burial places, there should be found remains of some 
character to indicate the fact. If to clear the land for agricultural 
purposes, why heap the earth with the cobbles? Again, why take 
so much trouble, involving a vast amount of labor (which is not 
accordant with the Indian character), to clear the stony land, 
while millions of acres lie on every side already quite clear? 
Others have suggested ^ *that they were raised as foundations for 
huts on a wet soil. " The character of the soil of the mounds, 
and of the surrounding i*egion, precludes this theory. It would 
seem that no careful observer can entertain either of the above 
views. 

The remaining theory, and the only one which commands seri- 
ous thought, is that of Prof. Joseph Le Conte,* of California, 
whose opinions should always be approached and viewed with the 
highest respect. He saj^s, referring to the prairie tracts, often 
called ' 'everglades, " on which the tumuli are situated: 

^Proceedings of the California Academy of Sciences, Dec. 15, 1873; 
Am. Jour. Sci., Ill, vol.vii, pp. 365-7, April, 1874. See also descriptions 
and discussions of the origin of these and similar natural mounds, by 
A. R. Wallace, G. H. Kinahan, J. Le Conte, W. M. Williams, J. Dur- 
ham, and W. M. Gabb, in Nature, 1877, vol. xv, pp. 274, 379, 431, 530; 
vol. xvi, pp. 6, 7, 24, 183. 
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These are doubtless old bottoms of Paget sound, made dry by eleva^ 
tiou. They are covered with drift soil. These grassy prairies are cov- 
ered as thickly as possible with mounds, about three to four feet high, 
aud thirty to forty feet in diameter. There are probably millions of them. 
The general appearance is that of almost perfect regularity of size and 
shape. The soil of the mounds is rather fine drift, with pebbles not 
larger than a pigeon's egg. The intervals between the mounds are 
strewed with larger pebbles. The mounds are occupied by ferns, the 
intervals only by grass. These treeless spaces are called 'mound prai- 
ries* ... .Erosion removes the finer top soil, leaving it, however, in 

spots. The process once commenced, weeds, shrubs, and ferns take pos- 
session of these spots as the better soil, or sometimes as the drier soil, 
and hold them, and by their roots retard the erosion there. In some 
cases a departing vegetation— a vegetation gradually destroyed by an 
increasing dryness of climate — is an important condition. 

Professor Le Conte argues that the agency of erosion must ac- 
count for these mounds. He starts with the idea that these tracts 
**are doubtless old bottoms of Puget sound, made dry by eleva- 
tion." Did subsequent erosion take place? If so, it would ap- 
pear that the newly elevated plain was comparatively smooth, a 
surface stratum of the same material as the present tumuli being 
quite evenly distributed over the entire area. Then '^erosion" be- 
gan, etc. , as above quoted. At this juncture, I pause to point out 
what seems a grave error in at least one of Prof. Le Conte's affir- 
mations. It would seem that he could not have personall}' exam- 
ined these tumuli, or at least with care. He savs: <^The soil of 
the mounds is a rather fine drift, with pebbles not larger than a 
pigeon's ^gg. The intervals between the mounds are strewed with 
larger pebbles. " Instead, the tumuli contain as large pebbles and 
cobblestones as those strewed between them. They range from 
the size of a pigeon's egg to three, five, or more inches in diameter. 
I think it is quite true, however, that the soil at and near the top 
of the mounds may be slightly finer, also that the pebbles may 
average a little smaller than those below. In fact one receives 
the Impression that there is a gradation, not altogether uniform 
however, from finer material above to coarser below, throughout 
the mass. It is quite safe to affirm that more than half the bulk 
of these mounds is composed of coarse gravel enclosing large peb- 
bles and cobbles, the major part of which are quite the same as 
between the mounds. Hence it is reasonable to suppose that if 
this area was elevated as a smooth plain, its surface was material 
like that of the mounds, evenly distributed. If then the finer mat- 
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ter was removed by erosion, as suggested, the intervals between 
tlie mounds would not be strewed with gravel stones so thinly dis- 
tributed as to leave fairly good grazing for stock, but must have 
been abundantl}' covered with pebbles and cobbles. Again, it 
would seem irrational to suppose that any conceivable wind cur- 
rent could sculpture these mounds by erosion. There remains no 
other eroding agent but running water flowing in some general di- 
rection. Hence these mounds must have been elongated with their 
major axes parallel with the flow. Currents of water of sufficient 
force to sweep not only the finer matter but a mass of coarse gravel 
one to two feet deep from between the tumuli, yet leaving the 
mounds standing as they now appear, also seem quite inconceiva- 
ble. Manifestly the facts that exist must exclude this hypothesis 
as well as those before noticed. 

In offering the following explanation of the origin of these 
mounds, I would hesitate to say that there can be no other way to 
account for the phenomena, but must admit that I can sec no other 
which will explain all the facts. At the least, it is earnestly hoped 
to enlist sufficient interest, if possible, to lead to a satisfactory so- 
lution of this question. 

There appears to be sufficient evidence to warrant a belief, that 
during the Glacial period this region was ploughed over by moving 
ice. It lies within the southern edge of the drift-bearing area, as 
mapped by Chamberlin. The general appearance, however, would 
not warrant one to affirm that this locality was covered by an ice- 
sheet moving in the same general direction as that east of the 
Rocky mountains, but rather of a local character, similar to those 
now existing in Alaska, which start from the crests of the mountains 
and flow in all directions into the valleys and onto the plains be- 
low, carrying forward and distributing the glacial drift as worn 
boulders, cobbles, sand, and gravel. During and after the retire- 
ment of the glacier, the drift was greatly modified by floods of 
water, the result of the wasting ice and frequent rains. East of the 
tumuli plain, the land, much of which is now under farm cultivation, 
gradually rises toward the remote mountains. Wells are sunk in 
this land from which to obtain water for domestic purposes. At 
the surface the soil is from one to three or more feet deep and 
overlies a coarse cobble drift, which is composed of material alike 
in character with that of the mounds. The wells pass through 
from six to ten feet of this cobble drift to a substratum of finer 
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gravel into which the wells extend from two to four feet, where 
permanent water is secured. 

Imagine this large tumuli plain to be covered with a sheet of ice 
reduced to a moderate thickness by ablation on the border of the 
retiring active glacier, and having, like the forest-covered border of 
the Malaspina ice-sheet in Alaska, no motion except the gradual 
waste by liquefaction. However, the forces which modify the 
drift are yet active, so that boulders, cobblestones, gravel, and 
sand are being brought forward from the higher levels by periodic 
floods, the product of accelerated melting of the glacier during a 
prolonged increased temperature. From time to time, during the 
especially rapid melting in the summers, the greater floods would 
overflow the entire ice-plain, carrying along with them the smaller 
boulders, cobbles, gravel, sand, and clay or finest silt of the drift, 
which would be spread on the ice surface. It Is a well observed 
fact that coaree gravel carried onto a plain by a strong flow of 
water has a tendency to accumulate in masses or heaps. A slight 
depression in the surface, or some obstruction, may arrest the on- 
ward movement of a boulder or large cobblestone, while the finer 
material would more or less pass on. This boulder might stop 
another, and so on, the general result being a somewhat unequal 
distribution of the drift over the surface of the ice. The fiood as 
its force decreased would manifestly leave the whole surface more 
or less covered with the drift debris. As the sun sends its rajqs 
onto the drift thus distributed with its substratum of ice, three 
agencies modifying the drift claim our consideration, namely, heat, 
gravitation, and the accumulation of water in the depressions. 
The thicker masses of d6bris would collect more of the heat of the 
sun and this would cause a faster melting of the ice or in other 
words would make a depression at such points, into which gravita- 
tion would carry additional drift by sliding from the adjacent ice 
surface and by the washing action of rains and streamlets. 

After formulating this hypothesis in regard to the tumuli of the 
** mound prairies," I was very much gratified in finding the fol- 
lowing statements which add greatly to the strength of my argu- 
ment. 

Prof . I. C .Russell, in his work on the glaciers of Alaska,* 
gives on page 120 the following description of lakelets on the 

**'Ad Expedition to Mount St. Elias, Alaska," National Oeographfc 
Magazine, vol. iii, pp. 53-203, with nineteen plates, May 29, 1891. 
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Malaspina glacier or ice-sheet, occupying deep well-like depressions 
or pits constricted half way down, somewhat in the shape of an 
hour-glass, into which the drift exposed by ablation on the con- 
tiguous ice surface falls, so that it would be left as a mound if the 
ice were melted away. 

On the moraine-covered portion, especially where plants have 
taken root, there are hundreds, perhaps thousands, of lakelets, occupy- 
ing kettle-shaped depressions If we should go down to the 

glacier and examine such a lakelet near at hand, we should find that the 
cliffs of ice surrounding them are usually unsymmetrical, being espe- 
cially steep and rugged on one side and low or perhaps wanting entirely 
on the other. But there is no regularity in this respect; the steep 
slopes may face in any direction. On bright days the encircling walls 
are always dripping with water produced by the melting of the ice; lit- 
tle rills are constantly flowing down their sides and plunging in minia- 
ture cataracts into the lake below; the stones at the top of the ice cliffs, 
belonging to the general sheet of debris covering the glacier, are con- 
tinually being undermined and precipitated into the water. A curious 
fact in reference to the walls of the lakelets is that the melting of the 
ice below the surface is more rapid than above, where it is exposed to 
the direct. rays of the sun. As a result the depressions have the form of 
an hour-glass. 

Speaking of the Galiano glacier, on page 89, Russell says: 

My surprise therefore was great when, after forcing my way through 
the dense thickets, I reached the top of the hill, and found a large ket- 
tle-shaped depression, the sides of which were solid walls of ice fifty feet 
high. This showed at once that the supposed hill was really the extrem- 
ity of a glacier, long dead and deeply buried beneath forest-covered d6- 
i)rls. In the bottom of the kettle-like depression lay a pond of muddy 
water, and, as the ice-cliffs about the lakelet melted in the warm sun- 
light, miniature avalanches of ice and stones, mingled with sticks and 
bushes that had been undermined, frequently rattled down Its sides and 
splashed into the water below. Further examination revealed the fact 
that scores of such kettles are scattered over the surface of the buried 
glacier. 

Again, on page 111, he says of the Hayden glacier: 

The debris is scattered over the surface in a belt several rods wide; 
but it is not deep, as the ice can almost everywhere be seen between the 
stones. Where the fragments of rock are most widely separated, there 
are fine illustrations of the manner in which small, dark stones absorb 
the heat of the sun and melt the ice beneath more rapidly than the sur- 
rounding surface, sinking into the ice so as to form little wells, several 
inches deep, filled with clear water. Larger stones, which are not 
warmed through during a day's sunshine, protect the ice beneath while 
the adjacent surface is melted, and consequently become elevated on 
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pillars or pedestals of ice. The stones thas elevated are frequently 
large, and form tables which are nearly always inclined southward. In 
other instances the ice over large areas, especially along the center of 
the medial moraine, was covered with cones of fine, angular fragments 
from a few inches to three or four feet in hight. These were not really 
piles of gravel, as they seemed, but consisted of cones of ice, sheeted over 
with thin layers of small stones. The secret of their formation, long 
since discovered on the glaciers of Switzerland, is that the gravel is first 
concentrated in a hole in the ice and, as the general surface melts away, 
acts like a large stone and protects the ice beneath. It is raised on a 
pedestal, but the gravel at the borders continually rolls down the sides 
and a conical form is the result. 

Allowing conditions like these of the Malaspina, Galiano, and 
Hajden glaciers to have existed on the melting ice-sheet of the 
tumuli plain in Washington, we are prepared to look over its area 
and observe thousands of kettle-shaped hollows, pits, and wells in 
the ice, containing water and becoming filled with drift gravel and 
sand. A winter comes and while the temperature is below the 
freezing point the water in the holes is congealed, hence all fur- 
ther action ceases until the spring time brings a higher tempera- 
ture. Then these numberless holes are ready to receive the on* 
coming flood and the fugitive drift matter supplied by the melting 
and receding glacier. It is quite obvious that as the drift debris 
was swept over the ice field, these wells would be more or less 
filled with clayey silt, sand, and fine and coarse gravel, correspond- 
ing to the force of the water current Peirhaps this phenomenon 
was repeated for several or many years. At last the parent glacier 
has become so wasted and remote that no more floods occur, and 
at the same time by gradual melting the ice-sheet has quite disap- 
peared, leaving these accumulations of drift matter intact By 
such processes this large area would be left covered with tumuli 
substantially as they exist to-day. It would matter little whether 
the walls of the circular pits or wells in the ice were vertical or in- 
clined at various angles or shaped like an hour-glass, as Russell 
observed on the Malaspina glacier or ice-sheet The enclosed 
masses of stratified drift, when their supporting ice walls were 
melted away, would naturally assume no other form than the one 
in which they now are found, as broad-based, cone-shaped mounds. 
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THE GENERIC EVOLUTION OF THE PALEOZOIC 

BRACHIOPODA. 

By AoNBs Crane, Brighton, England. 

It is a time-honored saying that **a prophet is not without honor save 
in his own country," but the name and fame of professor James Hall, 
LL.D., director of the State museum of Natural History of New York 
and its veteran state geologist, are well known in Canada and the United 
States and have long been recognized and appreciated among the geolo- 
gists and invertebrate paleontologists of Europe. The highest recogni- 
tion in geological circles was accorded him nearly a quarter of a century 
ago, when he was awarded the Wollaston Medal of the Geological So- 
ciety of London, the year after Barrande, and a year before Charles 
Darwin received it. His arduous life-long researches have resulted in 
the production of the fine series of monographs of '*The Paleontology 
of New York," of which Vol. VIII, Part I, Brachiopoda,* by James 
Hall, assisted by John M. Clarke,has recently made its appearance, with 
an unusually interesting text and the well-executed plates for which the 
series has been remarkable. As a fossil brachiopodist professor Hall 
ranks with his eminent contemporaries, the late Dr. Thomas Davidson, 
F.B.S., and Joachim Barrande of Prague. In one respect he may be 
said to take higher position as a philosophical investigator, inasmuch 
that he kept free from prejudice with regard to the theory of evolution 
as applied to the class Brachiopoda at a time when, owing to the condi- 
tion of our knowledge of the group, it was not possible to adduce actual 
proofs of the logical postulate in that direction. 

Times and methods have changed indeed since the celebrated Bohe- 
mian paleontologist definitely proclaimed that the evidence of the 
Cephalopodaf and of the Brachiopoda^ was opposed to the truth of the 
theory of evolution, and Dr. Davidson, in answer to a personal appeal 
from Darwin, replied that he was unable todetect direct evidence of the 
passage of one genus into another. J 

There has been a marked advance in the philosophical treatment of 
this important group of ancient and persistent organisms during the 
last decade, and to this progress American scientists have contributed 
largely. Mr. W. H. Dall has differentiated and described some new 
genera and species of the recent forms of interest and value. Professors 

♦Natural History of New York. Paleontology, vol. viii. (Geological 
Survey of the State of New York.) "An Introduction to the Study of the 
Genera of Paleozoic Brachiopoda." Part I. By James Hall, state 
geologist and paleontologist, assisted by John M. Clarke. Albany, 1892. 

fCephalopodes, Etudes G^n^rales par Joachim Barrande, Prague, 1877, 
p. 224. 
^Brachiopodes, Etudes Locales, Ibid., 1879,p.206. 

§*'What is a Brachiopod?" by Thomas Davidson, F. R. S., Geological 
Magazine, Decade II., vol. iv, 1877. 
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Morse, Brooks, and Beyer, and of late Dr. Beecher and Mr. Clarke, have 
revealed suggestive phases in the developmental history of typical gen- 
era and well-known species. Now professor James Hall and Mr. J. M. 
Clarke have sifted and compared the vast accumulations of data recorded 
by earlier writers by the older methods of descriptive paleontology, 
and, combining the results thus gained with the best features of the 
new school of investigators, have effected a revolution in the general 
treatment of the entire class of Brachiopoda. They trace important 
stages in the phylogeny of the fossil forms and various links connecting 
them through their immediate successors with the surviving members 
of the group. 

Much of this woiOc could not possibly have been accomplished had it 
not been for the mass of descriptions and figures of the vast number of 
species recorded in the work of Barrande, Davidson, De Eoninck, 
D'Orbigny, Def ranee, Deslongchamps, Suess, Lindstrom, Pander, Quen- 
stedt, Geinitz, Littell, Oppel, Oehlert,Waagen,and Neumayr, in Europe, 
and Billings, Hall,Clarke,Meek,Shumard,Worthen,Walcott, White, Whit- 
field, and others on the continent of America. 

The warm and discriminating recognition of the valued labors of his 
European fellow-workers is one of the most agreeable features of pro- 
fessor Hairs new volume. It is pleasant to road *'of the greatest of all 
works on the Brachiopoda by Thomas Davidson,'* of the just apprecia- 
tion of Barrande*s herculean efforts in the Silurian field, of the excel- 
lence of William King's anatomical investigations, to find Pander's early 
work valued and his names restored. These are Just and generous tri- 
butes to the memory of comrades who have gone before, most welcome 
in these latter days of that strident *MndividuaIism" which is often more 
egotism in disguise. 

The New York paleontologist's recent work is not only a critical 
rhumd with descriptions and figures of the Brachiopoda of New York, 
but a careful analysis of the results of the labors of his predecessors and 
contemporaries in the same extended paleozoic field of research in the 
United States, Canada, Russia, Sweden, and Great Britain. This gives 
it a cosmopolitan value, and affords opportunity, by means of critical 
comparisons of genera, species,and varieties from the geological horizons 
of both hemispheres, to recognize the identity of species, to define syno- 
nyms, to collate genera and sub-genera, to Indicate their inter- relation- 
ships, and to illustrate the passage-forms linking one group, or assem- 
blage of allied genera, to another. To this branch of the subject we 
must now restrict our observations. 

With singular modesty the authors refrain, for the present, from pro- 
posing any new scheme of classification. The primary division of the 
class into two orders comprising the non-articulated and articulated 
genera is adopted. We fail to see why Owen's names of Lyopomata, or 
**loose valves," and ArUiroporruita, or **jointed valves,"should have been 
discarded, for they define the same limits and distinctions as Huxley's 
simpler, but later, names, ArticulaUi and InartlcuUiUij the first of which 
was employed by Deshayes to designate certain forms of Brachiopoda 
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before the publication of Huxley's '^Introduction to the Classification of 
Animals." In England it is generally conceded that the priority and 
scope of Owen's orders were clearly established by the American syste- 
matist, Dr. Theodore Gill. The matter, however, is of less moment 
now that a general tendency to admit greater ordinal subdivision has 
arisen. Waagen has proposed six orders, Neumayr eight, and Beecher 
four, based on the peduncular opening and associated characters. 

The names IiuirticuUiUi and ArUculaUi express certain general dis- 
tinctions. Nevertheless, it is a matter of fact that forms have often 
appeared which cannot be separated thus, for tendencies to transgress 
these artificial limits become apparent in various directions. For in- 
stance, the species of the Silurian genus Trimerella was shown by David- 
son and King to be but feebly articulated, and now Neobolus, Spon- 
dyloboluSt and Hall's new linguloid genus BarroUeUa^ are shown to 
exhibit the same propensity. We are glad to note that, although fifteen 
years have elapsed since the publication of the Memoir on the Trimerelr 
lidcB, by Thomas Davidson and William King,* it is frankly admitted 
that later observations have hitherto added comparatively little to the 
results achieved by those eminent investigators and have taken away 
nothing from their value. 

In the present publication the semi-artificial, but convenient, family 
designations are not adopted, but the genera discussed fall into groups 
of associated genera, often exhibiting intermediate characters, which 
link one genus naturally with another. More has been accomplished 
in this direction than could possibly have been anticipated, and the 
eighth volume of the Geological Survey of the State of New York 
(Paleontology) would have made glad the heart of Darwin, for its dom- 
inent note is the evolution of genera. 

Hitherto UriQula has always been regarded as taxouomically at the 
base of the Brachiopoda, in spite of the acknowledged complexity of its 
muscular system and the date of its appearance in the geological series. 
It is now shown conclusively to be developed from an obolelloid type 
which culminated in a faunal epoch anterior to the appearance of Xin- 
gula, and Brooks' history of the development of the living species is 
, cited as confirmatory proof of the direct obolelloid derivation of the 
I paleozoic Lingulce from Obolella. / Lingulella and Xin^Zepi^, forerunners 
. of LinguUif may be found to be important connecting links, having the 
outward form of linguloids with the muscular arrangements and narrow 
pedicle slit of the obolellolds. *'The development on the linguloid line 
has continued, as we believe, from early Silurian to the present time 
with frequent modifications. From Ungula we may depart in many 
directions. In Lingulops and Lingulasma we get indications of physio- 
logical Influences on the origin of genera." 

It appears that ** augmented muscular energy and concomitant in- 
creased secretion of muscular fulcra," with the large size and consequent 
displacement of the liver, induced the thi ckening of the entire area of 

♦Quarterly Journal of the Geological Society of London, vol. xxx, p. 

124, 1874. 
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muscular implantation. Gradual excavation of this solid plate ensued^ 
and the formation of a more or less vaulted platform, extremely devel- 
oped, in the feebly articulated tfimerellids of those Silurian seas, which^ 
favored the rapid development of the platform-bearing Brachiopoda,. 
a race which was abruptly exterminated at the close of the Niagara and 
Wenlock period. Hall's new genus BarroiaeUa is a divergent so marked, 
by the development of deltidial callosities as to indicate their approxi- 
mating specialization for articulating and interlocking purposes. Thus 
we get most striking evidence of a tendency to span the interval between 
the so-called edentulous InarHculata and the articulated genera in the 
Linguloid and Trimerelloid groups. 
/^ The genus Obolu8 is shown to be more specialized than Obolella, less 

/ so than Lingula, Neoboltis being an intermediate form with cardinal 
processes, also indicative of progress in this direction towards the 

yArtUnUcUa. In OholuSj however, the muscular scars are excavated as 
in LinguUij not elevated as in the forms tending to Trimerella, Thus 
we get indications in the history of the ancestral Trimerellids of the 
attainment of a like remarkable resultant along distinct lines of devel- 
opment, of which another instance has been furnished by Messrs. 
Fischer and Oehlert^s recent studies of the development of the living 
MageUana of the boreal and austral oceans, to which we had elsewhere 
occasion to refer.* As Hall and Clarke's generalizations are formulated 
with a due regard to geological sequence, they possess more validity 
than the phylogenetic deductions enunciated by a Teutonic paleontol- 
ogistjin which that important factor was somewhat neglected.f **We 
have yet to seek," the American brachiopodists conclude, **the source 
whence these numerous closely allied primordial groups are derived, in 
some earlier comprehensive stock of which we have yet no knowledge. 

/?rhe ages preceding the Silurian afforded abundant time for a tendency 

Vy to variability to express itself" (p. 168). 

From this satisfactory discussion of the origin and development of 
the paleozoic unarticulated genera and species, Hall and Clarke proceed 
to consider the structure and relations of the far more numerous and 
more complicated order of the articulated species, and commence with 
the Orthoids, the lowest forms of the Articulata, as, by common con- 
sent, they are now regarded. The allied strophomenoids, streptorhyn- 
choids, and leptsenoids, as defined by Dalman, are then treated of and 
the first part terminates with a discussion of some Carboniferous pro- 
ductoids. The spire-bearers, rhynchonelloids and terebratuloids, of the 
Paleozoic seas are thus left for the concluding volume, when we may 
look for a valuable general summary of results and for that systematic 
classification, based on their completed investigations, which the authors 
are bound to propose in the interests of students for the root, stem, 
branches, and twigs of the genealogical tree of the Brachiopoda, as 
they have definitely abandoned the family names hitherto in vogue. It 

*0n the Distribution and Generic Evolution of some recent Brach- 
iopoda, by Agnes Crane, Natural Science, January, 1893. 

fNeumayr, '*Die Stamme des Thierreichs Brachiopoda," 1890. 
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must certainly be admitted that brachiopodists have often found it dif- 
ficult, and sometimes impossible, to determine to which of two well 
characterized families certain annectent forms should be definitely 
referred. 

In Europe, however, the retention of family designations is not al- 
ways considered incompatible with the modern philosophical and evolu- 
tional methods of class treatment. They have been preserved with ad- 
vantage*, for instance, in Mr. A. Smith Woodward's* masterly systema- 
tic classification of the fossil fishes in the British Museum, and also in 
professor W. A. Herdman'sf exhaustive report oh the Tunicata dredged 
by the '^Challenger" expedition, associated in this case with evolutional 
data and the presentation of numerous phylums showing the inter-rela- 
tions of genera, somewhat after the same plan as that adopted in the 
^'Introduction to the Study of the Paleozoic Genera of Brachiopoda.*' 
With all due respect to the veteran of the old school and the disciple of 
the new, we venture to submit the impossibility of impressing on the 
mental retina a permanent photograph of the innumerable and fascinat- 
ing phylums which they have provided with such industrious research. 
But we are not all endowed with so much insight, knowledge, and ex- 
perience. 

The most revolutionary feature in the present installment of their re- 
searches on the Articulata is the extreme subdivision to which the great 
group of Orthoids has been subjected. The genus Orthis is absolutely 
restricted to eight species (instead of two hundred), with O. callactis of 
Dalman as the type, and his early figures and original descriptions are 
judiciously reproduced for the benefit of American students. The re- 
mainder of the large number of species are placed under various new 
genera and sub-genera, or restored to their former appellations. For In- 
stance, Pander's name, ClitamhonUes, is once more applied to species un- 
justly usurped by D'Orbigny's Orthisimi, and PlectarribonUc8 of the same 
Russian paleontologist is restored for the Paleozoic species grouped by 
the French conchologists and those who followed them under the genus 
Leptceiiaof authors, not of Dalman. The iept<FMa7n^o«a of this author is 
taken as the type of his genus, the scope of which is thus much restricted, 
and new generic names are proposed for several of the species indiffer- 
ently described as Strophomenas or Leptceruvs by various authors. 
Linn^^'s sub-genus Bilobites is revived for those abnormal bilobed species 
of Orthis, which, according to Dr. Beecher's investigations, originated 
from a normal form at the adolescent and mature stages of growth in 
both direct and indirect lines of development. In view of the extensive 
breaking up of the orthoids, here proposed, into several genera and sub- 
genera, we are willing to confess that to object to the revival of Bilo- 
bites would be bub straining at a gnat and swallowing the camel. We, 
however, admit a preference for those among the proposed new or re- 

*A Catalogue of the Fossil Fishes in the British Museum, Part I., 1889; 
Part II., 1890. 

tReports of the **Challenger" Expedition: Tunicata, vols, vi, xiv, and 
xxvi. 
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stored designations which give some indications of the former position 
of the species among genera. Such are Protcrthis, PlectorthiSy Heteror- 
thiSj Orthostnjrphia^ PUUystrophia, and so on. Orthidium for the generic 
divergent nearest allied to Strophomena seems a less happy selection. 
Tabular views, both instructive and suggestive, are given to show the 
approximate range in the geological horizons from the Calciferous shales 
of the Lower Silurian to the Upper Coal Measures which indicate the 
appearance, persistence, and extinction of the various genera into which, 
under new, old, or restored appellations, the orthoids, strophomenoids, 
and leptasnoids are subdivided — a subdivision which, with its asso* 
ciated shifting of types, will not escape criticism. 

There will always be differences of opinion respecting generic values. 
Here, as Heckel long ago pointed out, the personal equation becomes 
prominent. We believe professor Cope was the first to advance the then 
heterodox view that species could be transferred from one genus to 
another without affecting their specific characters. Many so termed 
genera represent what have now become abbreviated transitional phases 
in the development of the race which, of old time, became stereotyped 
for periods of longer or shorter geological duration. The researches of 
Friele and Oehlert on the recent MagellanaD (Frak2/ieimia),the ultimate 
phase of development of the long-looped branch of the Terebratuloids, 
illustrate this point most clearly. If the inter-relationships and pas- 
sages of these generic phases are carefully noted, they become so many 
Illustrations of one method of the evolution of genera, which sometimes, 
it is evident, originated from causes incidental* to individual devel- 
opment, accelerated growth, and the circumstances of the environ- 
ment. 

Professor Hall evidently considers it better to deal with a small num- 
ber of well-characterized species instead of a large number of ill-defined 
forms, and that such minor structural internal modifications as can be 
shown to be constant in a recognized geological horizon should be raised 
to generic or sub-generic rank. The description and portrayal of such 
generic divergences afford the best means for general comparison and 
thus tend to promote a clearer comprehension of the manifold phases of 
the evolution of genera. The fact that specific characters sometimes 

• 

make their appearance in individual development before generic fea- 
tures is most suggestive. For the laws of *'science and growth"* first 
made known by Heckel,and since extended by Hyatt to the Cephalopoda, 
Jackson to the Pelecypoda, and Beecher and Clarke to the Brachiopoda, 
the term auxologyf has been lately proposed by English systematists, 
with some elucidative and etymological modifications in Hyatt's termin- 
ology. These principles govern individual and specific development of 
genera, for genera are stages in the life history of the race, as distin- 

*Auxe, growth, and logos, science. 

fSee a paper entitled **The Terms of Auxology," by S. S. Buckman, 
F. G. S., and F. A. Bather, M. A., F. G. S., London, in the ZoOIogischer 
Anzeiger, No. 405 and 406, p. 420, Nov. 14 and 28, 1892. 
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gnisbed from the genealogical records of the individual. It would seem, 
however, that just as the co-existence of a large number of individuals 
tends to perpetuate specific variation, so the simultaneous occurrence 
of abundance of species in one horizon and area is productive of the di- 
vergence of genera. 

We cannot enter further into details; enough has been written to show 
beyond contradiction the value and interest of this '^Introduction to the 
Study of the Genera of Paleozoic Brachiopoda," with its concise de- 
scriptions of genera and passage-forms, their inter-relations, and affili- 
ated species. It is rendered complete by excellent specific bibliograph- 
ies, well considered genealogical trees, showing the common ancestry, 
diverging lines of descent, and affinities of genera, with their geological 
range, a register of genera and of species, authors, and general index. 
The work is most creditable to professor James Hall and his assistant, 
Mr. J. M. Clarke, and reflects honor on America in general and the 
state of New York in particular. It deserves to be carefully studied 
by invertebrate biologists In both hemispheres. We trust the publica- 
tion of the second part will be proceeded with, and that by its rapid 
completion, on similar lines of thought, science may be enriched by a 
general view of the evolution of the Brachiopoda. It is much to be de- 
sired that the relations of the Secondary and Tertiary species should be 
discussed in a like thorough, philosophical, and generally satisfactory 
manner. 

We have become so convinced of the advantages of this method of 
treatment, that we have begun to form the nucleus of a collection in the 
Brighton Museum, destined to illustrate the evolution of genera among 
the Brachiopoda.— Science. 



AN EXTINCT GLACIER OF THE SALMON RIVER 

RANGE. 

By Geo. H. Stone, Peyton, Colorado. 

West of Salmon Citj, Idaho, lie the Salmon River mountains. 
They rise quite steeply from the adjoining valleys to an elevation 
of somewhat more than 8,000 feet above the sea. The range is 
very snowy, being well exposed to the moist winds from the Pa- 
cific ocean. Its rocks consist of very ancient quartzites, slates and 
schists, alternating with areas of coarse granites and a few extru- 
sions of rather recent acidic volcanic rocks. The main range 
trends nearly north and south, and there are several spurs project- 
ing westward and northwestward. The masses of upheaval have 
been dissected into a multitude of valleys and cirques and show 
every sign of geological old age. 
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Napius creek drains a large area on the western slopes of these 
mountains. It flows nearly west and is a tributary of Big creek, 
which flows north into the Salmon river. I have had opportunity 
to explore cursorily the upper twenty miles of this valley, extend- 
ing to a point about seven miles west of Leesburg and down to the 
elevation of about 5,700 feet above the sea. Here the river or 
creek, which is a large stream during the melting of the snow, has 
cut a deep canon through a high northeast and southwest ridge of 
granite, and thence it descends steeply to Big creek by a series of 
rapids and cascades. This point is known as the Falls of Napius, 
and lies at the foot of the flat known as Bull of the Woods. East 
of this granite dike there is an outcrop of several square miles of 
volcanic rock, bordered by a broad crescent of schists, which in 
turn is bounded by a belt of granite. The alternation of different 
rocks makes it easy to distinguish drift from local matter. Into 
the main creek flow numerous lateral tributaries, from five to ten 
miles long. The area of that portion of the valley to be described 
is about 300 square miles. Near the main creek the hills are not 
usually more than 200 to 400 feet high, and thence the hills and 
ridges separating the adjacent valleys rise higher as we go upward 
toward the top of the range. Near Leesburg the hills adjoining 
the creek are unusually low, and thus there is formed a sort of roll- 
ing plain enclosed by higher hills. At one time all the higher 
valleys and cirques were filled by glaciers which flowed down into 
the main valley where they covered all the hills near the main 
stream, thus being a confluent glacier or ice-sheet enveloping not 
only the main valley, but also a broad belt on each side extending 
back into the lateral valleys. The following four kinds of mo- 
rainal masses are found. 

1. Lateral Moraines, These do not take the form of distinct 
ridges or terraces on the sides of the hills next the main stream, 
but are seen as a sheet or diffused scattering of erratics. 

2. Terminal or Retreatal Moraines. About two miles east of 
the Falls of Napius is a moraine beginning near the river and ex- 
tending northward up a hill to an elevation of about 800 feet above 
the stream. It takes the form of a low ridge with gentle side 
slopes and in places is 500 feet or more broad, with several outly- 
ing spurs. Most of the material shows evident glaciation. On the 
south side of the creek is a corresponding moraine on top of a high 
north and south ridge. Near the creek this moraine does not show 
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on a precipice of volcanic rock. Two miles east is another but 
smaller moraine transverse to the main valley, and there are several 
small ones at various points above. The great depth of ice here 
makes it certain that the glacier at its maximum development ex- 
tended far down the valley beyond the limits described. These 
terminal moraines are therefore retreatal. 

3. Crag and Tail. The high granite ridge extending north- 
-eastward from the Falls of Napius creek shows no erratics that I 
-could find, until we reach a point about three-fourths of a mile 
from the stream. Here on the top of a broader part of the ridge 
is a moraine of intensely glaciated matter forming a sheet a few 
feet thick, nearly an eighth of a mile long, and 200 or 300 feet wide 
at its widest place. It was formed in the lee of a small peak of 
volcanic rock that rises abruptly about 30 feet above the rest of 
the ridge. A narrow moraine borders the stoss side of this little 
peak and a few erratics are also found on the other two sides. 
Perhaps a better name for this arrangement would be Crag and 
dollar. This is at an elevation of about 500 feet above the con* 
tiguous portion of the main vallej'. 

4. Crag and Cap. Three miles east of the last named locality 
and one mile south of the main creek is a hill rising 800 feet above 
the river. It is capped by a moraine forming a ridge about 50 
feet thick, 250 feet wide at base, and about an eighth of a 
mile in length. The moraine consists largely of quartzite and 
granite, many of the granite boulders being ten and even twenty 
feet in diameter. The local rocks are schists. For a fourth of a 
mile on the lower slopes of the hill I could find no erratics, except 
on one steep slope where a few may have slipped down the hill. 
The longer dimension of the ridge is parallel with the main valley, 
presumably the direction of glacial flow at this point In several 
other places there are moraines capping the hills. 

Large areas between these high moraines show little or no mo- 
rainal matter. In other words, we find local deposits, not a sheet 
of till such as covers New England. The third and fourth varieties 
of moraines here described, designated as * * crag and tail " and 
**crag and cap," were probably deposited under the same condi- 
tions as those that are now being formed on the sides and tops of 
nunataks of the Greenland ice-sheet. The hills bearing these pe- 
culiar moraine accumulations rose nearly to the surface of the ice 
or a little above it Part of their moraine stuff is intensely gla- 
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elated and may have been brought in the lower part of the ice. A 
part shows few or no signs of glaciation, especially the granite 
boulders, and probably was brought here on the surface of the ice. 
These ^^ nunatak moraines," as they may be named, show a marked 
contrast to the local rocks both in the glaciated shape of the stones 
and the materials of which they are composed. 

Another class of drift deposits on this area demands attention. 
A sheet of gravel and well rounded stones and boulders covers the 
bottoms of the main valley and of most of the lateral valleys until 
we approach the cirques in which the glaciers originated, where we 
find only unmodified morainal matter. Most of the stones have 
been very much rolled and rounded by water, but in places there 
is an admixture of stones bearing glacial scratches. The scratched 
stones become more numerous in the gravel as we go back from 
the main valley. This sheet of water-rounded matter has been 
eroded by the streams to depths varying from 30 to 70 feet, leav- 
ing the uneroded borders of the original sheet in the form of ter- 
races, known to the placer miners as the *<high bars." In places 
the}' are only three or four hundred feet wide, but not far west of 
Leesburg one of these terrace plains expands to a width of nearly 
two miles. Excavations for placer mining show this gravel sheet 
to be from 10 to 60 feet thick, resting on the glaciated bed-rocks. 
The surface of the terraces has a slow ascent as we go back from 
the main creek, its rate being in most places about 100 feet per 
mile. A vast amount of well rounded gravel and cobbles continues 
along the lower part of this valley. 

It is evident that this water-rounded matter was rolled and pol- 
ished by the subglacial streams. The surface is rather even, and 
we find no kame ridges nor reticulated kames. The gravel (in- 
cluding vast numbers of cobbles, boulderets, and boulders) was 
poured out in front of the retreating ice, being at the same time 
mixed with stones that fell down from the extremity of the ice and 
thus received too little water-wear to efface the glacial scratches. 
Possibly some of the broad tracts of the gi'avel and sand occupy 
the place of glacial lakes caused by lateral glaciers continuing 
to flow across the main valley after the ice from the upper part of 
that valley had retreated. 
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EUments de PaUontologief par Fbldc Bbbnabd, PremUre pariie (pp. 
988) avec 266 figures dans le texte. Pari s,BallIi^re et flis, 1893. The whole 
work will form a volume of 1,000 pages, with 600 figures in the text, at 
a CQSt of twenty francs. The work Is not a mere compend of previous 
publications, but alms rather to be a philosophical review of paleontology 
in the light of the theories of evolution, taking note of important 
memoirs, whether French or foreign, which have appeared up to the 
very moment of printing. Fossil forms are frequently compared with 
living species. This gives naturalness to the grouping and a fresh bio- 
logical aspect to the comparisons and conclusions. 

Opening with a brief statement of the relations of paleontology with 
the other sciences, the author falls Into a very interesting '* History of 
Paleontology," dating its actual foundation, as well as that of compara* 
tive anatomy, from the brilliant work of Cuvier. He divides the whole 
history into three periods: first, that which preceded Cuvier; second, 
the interval between Cuvier and 1857, a period characterized specially 
by descriptive details of extinct species; and third, from 1857 to the 
present, characterized by broader philosophical groupings, and by the 
rise of the ** transfer mist school,*' or evolutionists. This period is 
marked by the most minute precision in its observations, the effort be* 
ing to derive from the organism all that it is possible to know of its 
morpholo^, its structure, and its development. It is in the realm of this 
period that the work of the author lies principally, and in the profound 
change which the science of paleontology has undergone since the vari- 
ation of species was recognized as a fundamental law he discovers the 
effect of the doctrine of evolution. Evolution and paleontology have 
mutually aided each other. 

In seeking for a definition of a species he shows, by reference to the 
researches of Hllgendorf on Planorbls, confirmed and extended by Hyatt, 
that numerous species could be founded on forms which were, it Is true, 
very variable, but which were actually derivable the one from the other. 
The work of Waagen on Ammonites subradiatus resulted in the union 
of many apparently specific forms under the common name Oppelia. 
Waagen used the term ** variation '* when the differences were found 
in different localities from the same stratum, but *' mutation*' when they 
appeared at the same locality in different strata. Neumayr reached the 
same result in studying the Paludinasof the upper Miocene. From these 
works a new point of departure at once sprang up for paleontology. 
The Immutability of species, taught by Cuvier, was disproved, and at 
the present time there Is no possibility of defining a species. Each 
paleontologist erects his own standard. The grand purpose is now to 
trace lines of development, and as the author remarks, * 'such research 
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is much more fruitful than that which consists in distinguishing more 
than a hundred species of Unio in the waters of France, or in making, 
unwittingly, several species from two branches of the same plant." 

The entire work is established on a perfect sympathy with evolution. 
He refers frequently to American Neo-Lamarckianssuch as Hyatt, Cope, 
Biley, Marsh, and others of what he calls the American school. 

The volume contains numerous figures, many of them new. It com- 
prises the science in its present aspect, in the light of the latest research. 
It is an important and welcome addition to the literature of geology in 
the nineteenth century, and will constitute one of its noteworthy 
steps of advance. 

Finite Homogeneous Strain^ Flow^ and Rupture of Rocks, By George 
F. Becker. Bulletin of the Geological Society of America, vol. iv, pp. 
13-90, with 22 figures in the text; Jan. 3, 1893. From experiments and 
elaborate mathematical investigation, the author explains the flow, 
shear, and faulting of rocks, and the origin of joints, schistose, and slaty 
cleavage, and basaltic columns. The columnar structure is attributed, 
as by former writers, to rupture by tension in the process of cooling and 
contraction. Joints are referred to simple unrotational pressure, which 
produces two sets of fissures crossing each other at angles approaching 90® 
if the rock is brittle, but gives when the rock is plastic two sets of schistose 
cleavages. ** The line of force bisects the obtuse angles of the cracks 
or cleavages." The accepted theories of slaty cleavage are shown to be 
erroneous, and it is ascribed instead to rotational pressure, receiving 
no aid from the presence of mica scales or flattened particles of the rock 
mass. '* The most important result of the investigation is that jointing, 
schistosity and slaty cleavage all imply relative movement, and are thus 
as truly orogenic as faults of notable throw. They may all be regarded 
as orogenically equivalent to distributed faults. The great number of 
joints and planes of slaty cleavage compensates for the minute move- 
ment on each, and the sum of their effects is probably at least as im- 
portant as that of the less numerous faults of sensible throw. In the 
light of this conclusion it appears that if one could reproduce the oro- 
genic history of the Sierra [Nevada] in a moderate interval of time on a 
model made to a scale of one mile to the inch, it would seem to yield to 
external and bodily forces much like a mass of lard of the same di- 
mensions." 

The Thickness of the Devonian and SUurkm Rocks of CentraZ New York, 
By Charijss S. Prosseb. Bulletin, G. S. A., vol. iv, pp. 91-118; Feb. 21, 
1893. Detailed sections are recorded for twelve deep wells in the south 
to north belt in central New York which includes Bingham ton, Utica, 
Syracuse, and Watertown. The thicknesses of the several formations in 
descending order, reaching down to the Archaean, are found as follows: 
Chemung (in part) and Portage, 2250 feet; Hamilton, 1785; Marcellus 
shale, 100 (?); Upper Helder berg (Gorniferous limestone), 93; Oriskany 
sandstone (?); Lower Helderberg, 186 (?); Onondaga Salt group, 1239-|-; 
Niagara, 52 (?); Clinton, 323; Medina, 520; Oswego ssodstone, 107; Lor* 
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raine shale of the Hudson group, 640; Utica shale, 233; Trenton, 637+; 
Calciferous, 320 (?); and Potsdam, 410 (?). This general section is com- 
pared with two others measured by Mr. Prosser farther west in Neiy 
York, respectively following the valleys of Cayuga lake and of the 
Genesee river, and with one section determined in eastern New York by 
C. A. Ashburner, from the top of the Catskill mountains to the bottom 
of the Mohawk valley. 

A new Tceniopteroid Fern andits Allies. By David White. Bulletin, 
G.S.A., vol. iv, pp. 119-132, with a plate and diagram indicating hy- 
pothetical relations; Feb. 23, 1893. The fern here described, Tceniopteria 
miasourfensiSy Is represented by eleven specimens collected in the Lower 
Coal Measures 8 to 9 miles south and southeast of Clinton, Mo. The 
species is of peculiar interest frotai certain features showing close rela- 
tionship to the genus AlelhopterU, 

Some ElemevUs of Land Sculpture. By Lewis Ezra Hicks. Bulletin, 
G. S. A., vol. iv, pp. 133-146, with twelve figures of erosion outlines; 
J'eb.25, 1893. The processes of subaerial land erosion by weathering 
and by the washing of rains, rills, and larger streams are instructively 
discussed, with illustrations chiefly taken from the area of the great 
plains and bad lands in the region drained by the Missouri river. 

Some Dynamic and Metasamatlc phenomena in a metamorphic congUym- 
erate in the Green mountains. By Chables Livr Whittle. Bulletin, 
G. S. A., vol. iv, pp. 147-166, with a plate showing secondary enlargement 
of clastic tourmaline, and five figures in the text; Feb, 25, 1893. The 
formation studied is a Lower Cambrian conglomerate, in large part 
•changed to ottrelite schist, which phase attains a thickness of several 
hundred feet and is traced several miles across the anticlinal axis of the 
Green mountain range, from Mendon eastward to North Sherburne, in 
the northeast part of Rutland county, Vermont. The latest change that 
this schist has undergone is the incipient alteration of its ottrelite into 
'chlorite. In Chittenden, the next township on the north in the same 
county, the stratigraphic continuation of the ottrelite schist is a well* 
marked conglomerate, in which quartz pebbles and small boulders, up 
to 18 inches in length, make nearly 90 per cent, of the detrital material. 
Gneiss and feldspar pebbles are also common, the latter being occasion- 
ally two to three Inches long. The groundmass consists of granular 
quartz, magnetite, plates of muscovite, and prisms of sericite. In this 
rock small fragments of tourmaline crystals, often water-rounded, have 
been filled out by the deposition of secondary tourmaline perfectly 
oriented with the core, in the same way as the enlargements of quartz 
grains which have been described by Irving and Van Hise. In one of 
the examples figured the secondary growth is bounded by nearly complete 
crystallographic faces. 

Notes (yi\ a little knoivn region in northwestern Montana. By G. E. 
Culver. Trans. .Wisconsin Academy of Science, Arts, and Letters, vol. 
vlii, pp. 187-205, with map; Dec. 30, 1891. Besides many valuable ob- 
servations on the topographic features and stratigraphic geology of the 
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area traversed by Prof. Culver, he gives very Interesting details of the 
glacial drift and of an ice-dammed lake. Within thirty miles southward 
from the 49th parallel, ice was accumulated so thickly west of the main 
eastern range of the Rocky mountains that it outflowed eastward througl^ 
the passes, carrying diorite boulders from ledges west of the watershed, 
to a distance of several miles on the plains at the eastern base of the 
mountains. No Laurentian drift was observed there, but in the valley 
at the head of St. Mary^s river, a tributary of the Belly river, on lati- 
tude 113^ 80', five to twenty miles south of the international boundary, 
shore lines of a glacial lake, which was probably formed by the neigh- 
boring barrier of the Laurentide ice-sheet on the northeast, occur up to 
the hight of at least 800 feet above the present St. Mary's lakes, or ap- 
proximately 5,400 feet above the sea. 

Estimates of Oeologic Time. By Warren Upham. Am. Jour. Sci., 
Ill, vol. xlv, pp. 209-^20; March, 1893. Recent estimates of the age of 
the earth vary widely, but this paper shows that the more reliable geol- 
ogic measurements and ratios lie inside the probable limit of 100 million 
years assigned from physical data by Sir William Thomson (now Lord 
Kelvin). Computations by Wallace, based on the rates of land erosion 
and consequent oceanic sedimentation, allow 28 million years for the 
deposition of all the sedimentary rock strata. Mr. Upham, however, 
shows that by certain reasonable changes in the premises of this com- 
putation the result would be three times as great or 84 million years. 
Another method of reaching an estimate is found in the ratios of the 
^ Recent and Glacial periods to the preceding and far longer geologic eras. 
The mean of numerous independent measurements of the probable 
length of the Postglacial or Recent period, from the departure of the ice- 
sheets to the present time, is 8,000 years; and for the duration of the 
Glacial period the writer accepts Prestwich*s opinion, that the Ice age 
in reaching its culmination occupied 15,000 to 25,000 years and in waning 
continued onward perhaps 8,000 to 10,000 years or less. Further, from 
the rate of extinction and new appearance of marine molluscan species, 
the proportion of Glacial and Recent time to that since the beginning 
of the Tertiary era is believed to be as one to fifty or a hundred. 
Thence, according to closely agreeing ratios deduced from comparison 
of the thicknesses of the rock strata by Dana, Alexander Winchell, and 
Davis, the lengths of the successive eras since the Archaean are esti- 
mated to have been, for the Paleozoic, 36,000,000 years; the Mesozoic, 
9,000,000; and the Cenozoic, comprising both Tertiary and Quaternary 
time, 3,000,000. In the Quaternary or present era Mr. Upham would inr 
elude not only the Ice age and subsequent time but also a somewhat 
long time of preglacial increasing high uplift of the areas that became 
finally ice-enveloped, giving to the Quaternary in all probably 100,000 
years, or about a thirtieth part of the entire Cenozoic. 

The Olaclal Succession in Ohio. By Frank Lbvbrett. Journal of 
Geology, vol. i, pp. 129-146, with map; Feb. -March, 1893. Ten approxi- 
mately parallel and successively formed terminal moraines of the Man- 
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mee-Miami lobe of the ice-sheet in western Ohio and eastern Indiana are 
shown on the map accompanying this paper. In the summary of his 
conclusions, drawn from a very thorough examination of the drift in 
Ohio and the country westward to the Mississippi river, l€r. Leverett 
enumerates the following stages of the Glacial period: 

1. A glacial stage during which the ice-sheet extended farther south 
in western Ohio than in any later stage. During this glacftition the 
scarcity, if not absence, of coarse overwash material seems to indicate 
feeble drainage and low altitude. 

2. A long stage of deglaciation marked by development of soil and by 
attendant oxidation, leaching, and erosion of the drift sheet. The 
character of the changes effected indicates fair drainage conditions, the 
altitude being probably not much lower than the present altitude of the 
region. 

3. A stage of silt deposition during which the highest points in 
southwestern Ohio apparently became covered at flood stages. There 
can be little doubt that the region then stood several hundred feet lower 
than now. From evidence gathered elsewhere it seems probable that 
the silt deposition accompanied a glacial stage whose deposits are con- 
cealed in this region by later drift sheets. 

4. A glacial stage, during which the outermost well-deflned frontal 
moraine was formed, with as good attendant drainage as is now afforded 
in the western Ohio region. The drift of this stage is concealed in east- 
ern Ohio by the later moraines. The main streams at the time of this 
ice invasion flowed at levels 200 feet or more below the level of the up- 
land silt. 

5. A stage of deglaciation of considerable length, with altitude some- 
what as at present, indicated by valley excavation. 

6. A glacial stage characterized by sharply indented morainic ridges. 
The land at this time was probably raised to a maximum of elevation, 
there being ample evidence of vigorous drainage, not only in Ohio, but 
:as far to the west as the moraine has been correlated. The ice-sheet 
Teached about to the glacial boundary in eastern Ohio, but fell short 
many miles of reaching the boundary farther west. 

7. A glacial stage characterized by morainic ridges of smooth con- 
tour. This stage embraces the final disappearance of the ice-sheet from 
Ohio. A deglaciation interval is believed to have preceded it,but decisive 
evidence in support of this view is not obtained. During the formation 
of these later moraines the land had again an altitude similar to that 
of to-day. 

** Still later," writes Mr. Leverett,**tho Champlain submergence of the 
coast and St. Lawrence occurred. It is important to note that the Cham- 
plain submergence is separated from the submergence which produced the 
silts of southern Ohio by the periods of high altitude just mentioned, a 
succession of periods during which all the Oliio moraines, no less than 
twelve in number, were being formed." This opinion, however, seems 
open to doubt. The depression when the silts and loess were being de- 
posited and the marine submergence of the coast of Maine and New 
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Brunswick, the St. Lawrence valley, and the lake Champlaln basin; may 
be parts of a single sabsidence from which the southern area was up- 
lifted earlier than the northern. 

If the Ice age was primarily caused, as Jamieson, Upham, Wright, 
Hilgard and others maintain,by great epeirogenic uplifts of the glaciated 
portions of the continents some thousands of feet higher than now, then 
the gradual though fluctuating recession and departure of the ice-sheets 
were probably conversely due to the depression of the ice-loaded lands 
to their present hight or lower. When the depression had caused a con- 
siderable glacial retreat, the increase in thickness of the ice-sheets by 
series of centuries bringing exceptional snowfall may have raised their 
surface so high that now and again the ice was enabled to advance far 
over tracts which it had previously abandoned, leaving its conspicuous 
moraines as marks of these stages of fluctuation. After the borders of 
the drift-bearing area were unburdened by the glacial recession, they 
appear soon to have been moderately uplifted, attaining their present 
hight or oscillating somewhat above and below this hight. A chiefly 
permanent wave of elevation, slowly extending from south to north as 
the ice-sheet fluctuatingly departed, seems to have raised earliest the 
silt and loess area of the Ohio, Mississippi, and Missouri region, later 
and progressively the areas of the glacial lakes Agassiz, Warren, and 
Iroquois, with the Champlaln and St. Lawrence valleys, and latest the 
region of Hudson bay, where, according to Dr. Robert Bell, this uplift 
is still in progress and now aveniges apparently several feet in a hun- 
dred years. The Postglacial or Recent period has been too short both 
in North America and Europe to bring yet the full restoration of isostasy 
by completion of the uplift of the glacially depressed portions of these 
continents, for as about Hudson bay so in Scandinavia the postglacial 
elevation still continues at a measurable rate. 

The Moon's Fa^ie; a study of the origin of its features. By G. K. Gii> 
BEBT. Address as retiring president, delivered Dec. 10, 1892. Bulletin, 
Phil. Soc. of Washington, vol. xii, pp. 241-392, with a plate and four- 
teen figures in the text. The geologist here becomes a selenologist. 
Whoever has looked with a telescope, even of the small power of the 
ordinary surveyor's level or transit, upon the illumined face of the 
moon and seen its so-called craters, especially when at the moon's 
quarter phases their serrated rims cast long shadows near the boundary 
of the lighted area, must have wondered at the apparent violence and 
grandeur of the volcanic action to which these scars of our satellite 
have been commonly ascribed. Mr. Gilbert, however, shows In this 
paper that the lunar craters differ so much In their range of magnitude, 
in the deep depression of their central plains below the outer expanse 
surrounding the crater rims, and In other respects, from terrestrial 
craters, whether of the Vesuvian or Hawaiian types, that they cannot 
reasonably be supposed to be of volcanic origin. He thinks, therefore, 
and sustains his view with very able arguments, that the moon has come 
to its present form from the breaking up of an original ring of satellite 
matter, like the rings of Saturn. Many agglomerations of this matter 
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were tardy in Joining the chief resultant mass, and the latest of them, 
in falling by gravitation to the moon, melted by the impact not only 
themselves but the part of the lunar surface where they struck, and 
threw up around these places the crater rims as steep mountains. The 
whole process of the moon's gathering its formerly scattered material 
seems, according to Mr. Gilbert, to have been completed at least before 
the deposition of the earth's Paleozoic sediments, else they would here 
and there reveal evidences of collision of some of the portions of the 
previous ring matter, since these must have fallen not only on the 
moon but in like manner on the earth. The absence of atmosphere 
about the moon has so long permitted the very steep and high lunar 
mountains to remain unaffected by agencies of erosion. 

Geographical llliLStrations: suggestiona for teaming Physical Oeogra- 
phy housed on the physical features of southern New Eivglartjd. By 
William Morkis Davis, Professor of Physical Geography in Harvard 
University. 12mo, pp. 46, Cambridge, Mass., 1893. Price, 10 cents. 
In this excellent little pamphlet the chief topographic features of Mass- 
achusetts, Rhode Island, and Connecticut are described, and their 
means of origination by subaSrIal erosion, partial or nearly complete 
base-levelling, succeeding uplifts and new valley cutting, and latest by 
glaciation, are explained. This Is done so simply, clearly, and attract- 
ively, although giving the latest and in part very recent results of the 
most advanced investigators in geology and geomorphology, that the 
teachers of primary and grammar schools may readily take their classes 
over this partially new scientific ground, without their encountering 
any difficulties beyond their understanding, and even with dawning and 
increasing pleasure instead of becoming wearied. 

YtbUdningar i ryska och flnska Karelen med sdrskUd hdnsyn tiU de 
karelska randmoranema. By J. £. Rosbebq, pp. 128, with a map, sec- 
tions, and photographs. Fennia, vol. vll, No. 2, Helsingfors, 1892. 
The glacial geology of a broad belt of Finland and northwestern Rus- 
sia, stretching from the Gulf of Finland and lake Ladoga north to the 
northwestern extremity of the White sea, forms the subject of this 
number of Fennia. The map shows the directions of glacial striation, 
sand and gravel tracts of modified drift, dunes, marginal retreatal 
moraines, and eskcrs. 
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I. 

Government and State Reports. 

Geological Survey of Arkansas, John C. Branner, state geologist, 
1891, Vol. I, Mineral Waters. 

Pennsylvania Geological Survey, J. P. Lesley, state geologist, 1892, 
Vol. II, Summary Final Report, Upper Silurian and Devonian. 
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Report of the Mineral Products of the U.S., D.T.Day, U.S. Geolof^ical 
Survey, Department of the Interior. Report for 1892, Coal, E.W.Parker. 

Annual report of Curator of the Museum of Comparative Zoology at 
Harvard College for 1801-92. 

Oeological Survey of Texas. Report on Brown Coal and Lignite of 
Texas, E. T. Dumble, state geologist, 1892. 

Geological Survey of Missouri, biennial report of state geologist A. 
Winslow. Preliminary report on Coal Deposits of Missouri, 1891-92; 
Vol. II, report on Iron* Ores, by F. L. Nason; Vol. Ill, report on Mineral 
Waters, by P. Schweitzer. 

Michigan Mining School, catalogue for 1891-92. 

Geological Survey of Indiana, 17th annual report of the state geol- 
ogist for 1891, contains: Report on Building Stones found in Indiana, 
by Maurice Thompson; Geology of Steuben and Whitley counties, C. R. 
Dryer; partial catalogue of the Flora of Steuben county, E. Bradner; 
Geology and Natural History of Carroll county, M. Thompson; Geology 
of Wabash county, M. N. Elrod and A. C. Benedict; partial list of Flora 
of Wabash and Cass counties, A. C. Benedict and M. N. Elrod; report 
of the inspector of mines, T. McQuade; report of state supervisor of 
Oil Inspection, N. J. Hyde; Petroleum in Indiana, A. C. Benedict; 
report of supervisor of Natural Gas, E. T. J. Jordan; catalogue of 
Butterflies known to occur in Indiana, W. S. Blatchley; Batrachians 
and Reptiles of the state of Indiana, O. P. Hay; Paleontology, S. A. 

Miller. 

II. 

Proceedings of Scientific Societies. 

Trans. Wagner Free Institute, Vol. Ill, Pt. II, contains: Contribu- 
tions to the Tertiary Fauna of Florida with special reference to the 
Miocene Silex-beds of Tampa and the Pliocene beds of the Caloosa- 
hatchie River, W. H. Dall. 

New Orleans Academy of Science, Proc, contains: Topography of 
New Orleans, B. M. Harrod; Archsean Rocks in Texas, B. M. Harrod. 

Jour, of the Cin. Soc. Nat. History contains: Observations concerning 
Fort Ancient, S. S. Scoville; Microscopical Study of Ohio Limestones, 
G. P. Grimsley; Manual of the Paleontology of the Cincinnati Group, 
J. F. James; Niagara's Water Power, B. M. Ricketts. 

Proc. Acad. Nat. Sci. of Phila. contains: A Revision of North Amer- 
ican Creodonta, W. B. Scott; Geology of the Isles of Shoals, T. D. 
Rand; A Hyaena and other Carnivora from Texas, and The Permanent 
and Temporary Dentition of Certain Three-Toed Horses, by E. D. Cope; 
Notes on the Geology of Mt. Desert Island, H. C. Chapman; A Mete- 
oric Stone seen to fall at Bath, S. D., A. E. Foote; Extra-Morainic 
Drift in the Susquehanna, Lehigh and Delaware Valleys, by G. F. 

Wright. 

IIL 

Papers in Scientific Journals. 

Geol. Magazine, December^ contains: The Wenlock and Ludlow 
Strata of the Lake District, J. E. Marr; On the Occurrence of the Chon- 
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etes Pratti in Western Australia, R. B.Newton; Notes on Schlst-making 
in the Malvern Hills, C. Callaway; On Yorkshire Thecidea, J. F. 
Walker; Notes on Russian Oeology, W.F.Hume; Granite,T.R.Strutbers. 

Amer. Jour. Sci., December^ contains: Remarkable Fauna at the 
base of the Burlington Limestone in Northeastern Missouri, C. R. 
Keyes; Glacial Pot-holes in California, H. W. Turner; Lavas of Mt. 
Ingalls, California, H. W. Turner; Notes on the Cambrian Rocks of Pa. 
and Md. from the Susquehanna to the Potomac, C. D. Walcott; Volcanic 
Rocks of South Mountain in Pa., G. H. Williams. January^ contains: 
The Age of the Earth, by Clarence King; Tertiary Geology of Calvert 
Cliffs, Md., by Gilbert D. Harris; Anglesite Associated with Boleite, by 
F. A. Genth; Preliminary Notice of a Meteoric Stone seen to fall at 
Bath, S. D., by A. E. Foote; Appendix, New Cretaceous Bird, allied to 
Hesperornis, by O. C. Marsh; Skull and Brain of C]aosaurus,*by O. C. 
Marsh. February^ contains: Datolite from Longboro, Ont., by L. V. 
Pirsson; Stannite and some of its Alteration Products from the Black 
Hills, S. D., by W. P. Headden; Occurrence of Hematite and Martite 
Iron Ores in Mexico, by R. T. Hill, with notes on the associated Igneous 
Rocks, by W. Cross; Ceratops Beds of Converse county, Wyoming, by 
J. B. Hatcher; Lines of Structure in the Winnebago county Meteorites 
and in other Meteorites, by H. A. Newton; Preliminary Note of a New 
Meteorite from Japan, by H. C. Ward. 

School of Mines Quar., November, contains: Classification of Ore 
Deposits, J. F. Kemp; Rapid Qualitative Examination of Mineral Sub- 
stances, A. J. Moses and S. C. Wells; Note on the Geology of Monte 
Cristo Dist., Washington, C. W. Feuner; Mineralogical Notes, A. J. 
Moses, E. Walker, B. C. Hinman and W. D. Matthew. 

Amer. Naturalist, January, *93, contains: Certain Shell Heaps of the 
St. John's River, Florida, hitherto unexplored, by Clarence B. Moore. 
February, 1893, contains: Summary of the Progress of Mineralogy and 
Petrography in 1892, W. S. Bayley. March, 1893, contains: Titanothe- 
rium Beds, J. B. Hatcher. 

Bulletin of the Amer. Geog. Soc., Vol. XXIV, No. 4, Pt. I, 1892, con- 
tains: The North Greenland Expedition of 1891-92. 

National Geographic Magazine for February 8, 1893, contains: North 
American Deserts, by Prof. Dr. J. Walther. 

School of Mines Quarterly, January, 1893, contains: Memorial of 
Prof. John Strong Newberry, by J. F. Kemp; Notes on the Huauchaca 
Mine, Bolivia, S. A., by Robert Peele, Jr.; Note on the El Callao Gold 
Mine of Venezuela, by Robert Peele, Jr. 

Appalachla for Fetmiary, 1893, contains: An Ascent of Mt. Ritter 
(with illustrations), Joseph LeConte, Jr.; Drumlins near Boston, by 
Warren Upham; A Map of New England and Eastern New York, locat- 
ing prominent summits. 

The National Geographic Magazine for February, 1893, contains: Pro- 
ceedings and Publications of the National Geographic Society. 

Scientific Quarterly for 3farc/i,1893,contains: The Geological training 
of a Prospector, by A. Lakes; The Minerals of Colorado, by J. S. Randall. 
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IV. 

Excerpts and Ind^Mwil PvhlicatUms. 

Notes on a trip to the Lapari Islands, Wm. H. Hobbs, Trans, of the 
Wis. Acad., Vol. IX. 

Organic Matter as a Geological Agent, A. Irving, Proc. Geol. Assoc., 
Vol. XII. 

On the Geology of part of the Province of Quebec, south of the St. 
Lawrence River, B. W. Ells, Trans. Roy. Soc. Canada, Sec. IV, 1891. 

The Pleistocene History of Northeastern Iowa, W J McGee, 11th an- 
nual report, U. S. Geol. Survey, 1889-90. 

The Eruptive Rocks of Electric Peak and Sepulchre Mountain, Yel- 
lowstone National Park, Joseph Paxson Iddings, 12th annual report, 
U. S. Geol. Survey, 1890-91. 

The North American Continent during Cambrian Time, Charles D. 
Walcott, 12th annual report, U. S. Geol. Survey, 1890-91. 

Note on the occurrence of Grahamite in Texas, E. T. Dumble, Trans. 
Amer. Instit. Mining Engineers, Oct., 1892. 

On the Contrast and Color of the Soils of High and Low Latitudes, 
W. O. Crosby, Proc. Bos. Soc. Nat. Hist, Vol. XXIII, pp. 219-222. 

Geology of Hingham, Mass., W. O. Crosby, Proc. Bos. Soc. Nat. Hist., 
Vol. XXV, May 18, 1892. 

Source of the Texas Drift, E. T. Dumble, Proc. Tex. Acad. Sci. 

Volcanic Dust in Texas, E. T. Dumble, read June 14, 1892, Trans. 
Tex. Acad. Sci. 

Notes on the Geology of Skunnemunk Mountain, Orange county, N. 
Y., Chas. S. Prosser, Topeka, Kansas, Trans. N. Y. Acad. Sci., Vol. XI, 
Nos. 6, 7, 8, June, 1892. 

Notes on the Geology of the Valley of the Middle Rio Grande, E. T. 
Dumble, Bui. Geol. Soc. Amer., Vol. Ill, pp. 219-230. 

1. Petrographical Notes, N. Y. Acad. Sci., Vol. XI, Nos. 6, 7, 8. 
2. The Great Shear Zone at Avalanche Lake in the Adirondacks, J. F. 
Kemp, Amer. Jour. Sci., Aug., 1892. 

The Manufacture of Coke, Jas. D. Weeks, Extr. Min. Resources of 
U. S., 1891. 

Twenty Years of Progress in the Manufacture of Iron and Steel in 
the U. S., James M. Swank, Extr. Min. Resources of U. S., 1891. 

Finite Homogeneous Strain, flow and rupture of rocks, by G^eo. F. 
Becker, Bui. Geol. Soc. Amer., Vol. IV, pp. 13-90, 1893. 

Determination of the dates of the publication of Conrad's ** Fossils of 
the Tertiary Formation" and ** Medial Tertiary," by Wm. H. Dall, 
Philosophical Soc. of Washington, Bui., Vol. XII, pp. 215-240, 1893. 

Natural Gas Fields of Indiana, by Arthur John Phinney, 11th annual 
report of director of U. S. Geol. Survey, 1889-90. 

Note on the Quartz-bearing Gabbro in Maryland, by U. S. Grant, 
Johns Hopkins University Circulars, No. 103, February, 1893. 

Shippen and WetheriU Tract, by Benj. Smith Lyman. 

The Production of Columbous and Tungstous Oxides in forming Com- 
pounds of Iron and Tin, by Wm. P. Headden, Proc. Colo. Sci. Soc., 1893. 
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Review of R. T. Hiirs report on the Artesian Water in Texas, by W. 
F. Cummins. 

Terminal Moraines in New England, by Prof. C. H. Hitchcock, Proc. 
Amer. Assoc, for the Adv. of Science, Vol. XLI, 1892. 
• Notes on the Clays of New York State and their economic value, 
Heinrich Ries, Trans. N. Y. Acad. Sci., Vol. XII, Dec, 1892. 

On the Separation of Minerals of High Specific Gravity, E. W. Dafert 
and O. A. Derby, Proc. Rochester Acad. Sci^, Vol. II. 

Continental Problems, G. K. Gilbert, Bui. Geol. Soc. of America, Vol. 
IV, pp. 179-190. 

Phases in the Metamorphism of the Schists of Southern Berkshire, 
W. H. Hobbs, Bui. Qeo\, Soc. of America, Vol. IV, pp. 167-178, PI. 3. 

Manual of the Paleontology of the Cincinnati Group, by Jos. F. James, 
Pt. IV, Jour. Cin. Soc. Nat. Hist., 1892-93. 

The Conditions of Erosion beneath deep Glaciers, based upon a 
study of the Boulder Train from Iron Hill, Cumberland, R. I., Bui. 
Mus. Comp. Zool. Harvard College, Vol. XVI, No. 11. 

Scientific Publications of O. C. Marsh, Reprint from Bibliographies of 
the oflScers of Yale Univ. 

ArchsDopneustes abruptus, a new genus and species of Echinoid from 
the Oceanic Series in Barbados, J. W. Gregory, Jour. Geol. Soc., May, 
1892, Vol. XLVIII. 

Trematobolus, an Articulate Brachiopod of the Inarticulate Order, 
by G. F. Matthew, Can. Record of Science, Jan., 1893. 

V. 
Foreign Publications, 

Die geognostischen Verh&ltnisse am nordwestlichen Harzrande 
zwischen seesen und Hahausen unter specleller Berficksichtlgung der 
zechstelnformatlon, von Herr J. H. Kloos in Braunschweig, ans dem 
Jahrb. der kOnigl. preuss. geologischen Landesanstalt fQr 1891. 

Geological Survey of New South Wales, Vol. Ill, Part I, 1892, con- 
tains: Description of the Belubula Caves, Parish of Malongulli, Co. 
Bathurst, C. S. Wilkinson; Hymenocarls salteri, R. Etheridge; Notes 
on G^eology and Mining In the Turnkey and Tuena Districts, G.A.Stonier; 
Notes on the Intrusive Serpentine at Gundagal, P. T. Hammond; Notes 
made at the Kybean Caves, Parish of Throsby, Co. Beresford, 1890, R. 
Etheridge; Notes on the teeth known as Sceparnodon ramsayi, W. S. 
Dun; Notes on the occurrence of Opal in New South Wales, Wm. Ander- 
son; Note on the intrusive Porphyry at Melrose, P. T. Hammond; Idlo- 
graphic Drawings by the Aborigines In a cave-shelter at Weeney Creek, 
Colorado River, near Richmond, R. Etheridge; The Caves at Goodra- 
vale, Goodradigbee River, R. Etheridge. 

Geology and Mineral Resources of the Upper Burdekin, Queensland, 
A. Gibb, Maitland, contains: Proposed Boring for Water at Brisbane, 
Robt. L. Jack, Queensland; Paradise Gold Field, Queensland, Wm. H. 
Rands; Broken Hill, Queensland, Robt. L. Jack; Coolgara Tin Mines and 
Surrounding District, Queensland, A. Gibb, Maitland; The Mines near 
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Cooktown, Queensland, Robt. L. Jack; Cape River Gk)ld Field, Queens- 
land, Wm. H. Rands; Geology of Cooktown Dist., Queensland, A. Glbb, 
Maitland; Styx River Coal Field, Queensland, Wm. H. Rands; New 
Discovery of Coal near the Callide Creek, Port Curtis Dist., Queensland, 
Wm. H. Rands; Mt. Morgan Gold Deposits, Queensland, Robt. L. .lack; 
The Physical Geography of Magnetic Island, Queensland, A. Gibb, 
Maltland. 

Monograph of the Carboniferous and Permo-Carboniferous Inverte- 
brata of New South Wales, No. 5, Pt. II, R. Etheridge, Jr., Dept. of 
Mines, Geol. Survey, N. S. Wales. 

Berichte der Naturfurschenden Gesellschaft zu Freiburg, I b. Jahr, 
September, 1892, contains: W. M8Bricke,Yergleichende Studlen Hber 
Eruptivgesteine und erzfQhrung in Chile und Ungarn; G. Boehm, Ein 
Beitrag zur Kenntniss der Kreide in den Venetianer Alpen; G. Stein- 
mann, Bemerkungen Qber die Tektonischen Bezeihungender ober- 
rheinschen Tiefebene zu dem Nordschwelzerischen Kettergura. 

Ueber das Alter des Tarflagers von Lauenburg, a. d. Elbe, von H. 
Credner, E. Gteinitz und F. Wahnschaffe, Oct., 1892. Separat-abdruck 
aus dem Neuen Jahrbuch fUr Mineralogie, etc., 1893, Bd. I. 

Berichte der Naturfarsdrenden Gesellschaft zu Freiburg, I. h. 
sechster Band, zweites Heft, contains: G. Boehm, Megalodon, Pachy- 
erisma, und Diceras. 

EclogsB GeologicsB Helvetise, Vol. Ill, No. 3, contains: Muhlberg, 
Jura zwischen Aarau und Oten (mit Tab. VIII); Schardt, Effondrement 
du quai de Montreux; RoUier, Rauracien du Jura. 

Zeitschrift fiir praktische Geologic, Vol. I, No. 1, Jan., '93, contains: 
Fr. Beyschlag, Geologische Specialaufnahem; J. H. L. Vogt, Bildung 
von Erzlagerstatten durch Differentiationsprocesse in basischen 
Eruptivmagmata (Fig. 1 bis 6); F. Wahnschaffe, Geologie und Acker- 
bau; A. Baltzer, Berlcht tlber einleitende Arbeiten am unteren Grindel- 
waldgletscher zur empirlschen Bestimmung der Eiserosion; Th. Breiden- 
bach, Das Goldvorkommen in nOrlichen Spanien; P. Groth, Ueber neure 
Untersuchungen ast alpiner Erzlagerstatten; R. Beck, Das Steinkohl- 
enbecken des Planenschen grundes bei Dresden; R. Helmhacker, Die 
Mineralkohlen in Russisch-Asien; C. Ochsenius, Ueber unterirdische 
Wasserausammlungen ; Goldproduction der Welt; Gold-und Sllbererz- 
eugung im Jahre, 1891; Zur Geologie des Quecksllbers; Artesische 
Brunner; Kleinere Mittheilungen. 

The terms of Auxology, by S. S. Buckman and F. A. Bather, from 
the Zoologischen Anzeiger, No. 405 u. 406, 1892. 

Beitrage zur Stratigraphie und Tektonik der Mittelb6hmischen Silur- 
formation, von Dr. J. J. Jahn, Jahrbuch der k. k. geolog. Reichsan- 
stalt, 1892, Bd. 42, Heft 3. 

Mineralogischen und Petrographischen Mittheilungen, F. Becke, 
11, Zur genauen Kenntniss der Phonolithe des Hegaus, by H. P.Cushing 
and E. Weinschenk in Mtlnchen. 

Compte-Rendu des Stances de la Soci^t^ G^Iogique de France, 1693, 
Ser. 3, Tome XXI. 
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Records of the Geol. Survey of New South Walee contains: On the 
Geological Occurrence of the Broken Hill Ore Deposits, E. F. Pittman; 
The Pentameridffi of New South Wales, B. Ether Id ge, Jr.; Geological 
Notes on the Swamp Oak and Niangala Gtold Fields, G. A. Stonier; Re- 
port on a Visit to the NarranguUen, a Cavan Cave, Temas, Murrum- 
bidgee River, R. Etheridge« Jr. 

Bulletin de la Soci^t^ G6ologiqne de France, Ser. 3, T. XX, No. 4, 
1892, contains: Contribution a T^tude du terrain tertiaire d* Alsace 
( Suite ), Kleinkembs et lac sundgonien, M. Mieg, G. Bleicher et Fliche; 
Sur les terrains phosphates des environs de Doullens, 6tage Senonien et 
terrains superposes, 2e note, H. Lasue; Sur le gisement et la structure 
des nodules phosphate du Lias de Lorraine, Bleicher; Contributions k 
r^tude g^ologique du Eouergue et de la Montague Noire, J. Bergeron; 
Observations sommaires sur le Boulonnais et la Jura, Bourgent (Pabb^); 
Note sur les Poissons du terrain Permien de V Allier, H. E. Sauvage. 

Furher durch die Geologischen Sammlungen des Provinzialmuseums 
der Physikalisch-Oekonomischen Gesell. zu KOnigsberg bearbeitet voul 
Direktor Prof. Dr. A. Jentzsch, Uebersicht der Geologic Ost-und West- 
preussens, mit 75 Text, und zwei Tabellen. 

The Eocene and Oligocene Beds of the Paris Basin, by G. F. Harris 
and H. W. Burrows, read before the Geologists' Association, 1891. 

Geology of the Gironde, G. F. Harris, Geological Magazine, Jan., 1890. 

London Water Supply, G. F. Harris, National Laundry Record, Jan. 
37 and Feb. 24, 1892. 

The Correlation Table of British with continental Tertiary Strata, 
G. F. Harris, Ex. from a list in the Brit. Mus. by R. B. Newton. 
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Note on a Fall of Volcanic Dust in the South Atlantic Ocean. 
A sample of volcanic dust has recently been presented to Director 
Edw. S. Holden, of the Lick Observatory, by Capt. W. W. Hardy, of the 
bark W. W. Crapo, with the following notes on its occurrence: **The 
shower of dust occurred between 8 and 9 p. m.. May 26th, 1892, in lat. 
430 s., long. 540 20' W.; the wind N. W., velocity about 8 miles per 
hour. At sunset, four hours before the shower, the western sky was 
very red." The sample was transmitted by Director Holden to the 
Mineralogical Museum of the University of California. 

The geographic position mentioned Is distant 370 miles in a southeast 
direction from the nearest land — the coast of the Argentine Republic, 
and about 600 miles north of the Falkland Islands. The nearest vol- 
canoes are those of the Southern Andes, distant about 500 miles to the 
northwest. 

The dust Is a fine powder, slightly gritty and of a dirty white color.. 
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On agitating a portion in water it was found that a considerable part 
was exceedingly fine and remained in suspension, while the remainder 
subsided as a granular powder of nearly uniform grain. The specific 
gravity of the latter as determined by the specific gravity bottle was 
2.433. 

Under the microscope the dust is seen to be composed chiefly of frag- 
ments of glass and crystals and crystal fragments of hornblende and 
feldspar. 

The glass is much the most abundant material. The fragments, 
which are all sharply angular, vary in size from less than .01 mm. up 
to .28 mm. in diameter, the average diameter being about .05 mm. 

The glass is for the most part compact, clear and colorless, but occa- 
sional pumiceous fragments were observed and others stained brown or 
yellow by Iron oxide. 

The feldspar is next in order of abundance and occurs In prismatic 
crystals and in angular crystal fragments. The largest crystals ob- 
served measured .14 mm. to .308 mm. in length and .084 mm. to 
.126 mm. in breadth. Some of the fragments were recognized as plag- 
ioclase by distinct polysynthetic twinning, but the majority appeared to 
be simple crystals and are perhaps orthoclase. Tiny inclusions of mag- 
netite were observed in some of the feldspar crystals. 

The hornblende is slightly less abundant than the feldspar, but th& 
crystals are of larger average size. The largest crystal observed meas- 
ured .3 mm. in length and .1 mm. in breadth; the average was about 
half that size. The hornblende is readily recognized by its prismatic 
habit and cleavage, green color, strong pleochroism, and small extinc- 
tion angle. 

In the powder that was washed with water several shining cleavage 
fragments were observed. Under the microscope, one of these gave 
rather uncertain reactions for pyroxene. It Is present In very small 
quantity. 

Bather numerous particles of magnetite are present, the largest of 
which measured about .056 mm. in diameter. Many of these grains had 
fragments of glass or feldspar attached to them. 

The mineralogical composition and specific gravity of this volcanic 
dust would point to its derivation from a somewhat acid andesitic 
magma. Chables Palache. 

Oeological LaboraUrryt Universtty of Calif omia^ March 20th^ 1893. 

Beltrami Island of Lake Aoassiz. After returning last month 
for a season of work on the Minnesota Geological Survey, one of my 
earliest duties was to examine the profiles of the three railroad lines, 
with their branches, which have recently been built (and are now being- 
extended) from Duluth northward across the rich iron and lumber dis- 
trict of northern Minnesota. One of these, the Duluth & Winnipeg- 
railroad, passing northwest by the east end of Bed lake and the south- 
west side of the Lake of the Woods, shows that the former of these lakes 
lies about 40 feet and the latter somewhat more than 150 feet below the 



\ 
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highest level of the glacial lake Agassiz, which during the departure of 
the ice-sheet was pent up in the basin of the Red river of the North and 
of lake Winnipeg by the receding ice-barrier.'*' The hight of Bed lake 
Above the sea is ascertained to be 1172 feet; and of the Lake of the 
Woods, In its stages of low and high water, 1057 to 1063 feet. North- 
east of Red lake the Tamarack river drains a large tract of tamarack, 
spruce, and arbor vitsB swamp, which reaches to the divide between the 
Tamarack river and the West branch of the Bowstring river (more com- 
monly called the Big Fork), tributary to Rainy river, the hight of the 
divide being only 15 to 20 feet above Red lake. Similar low swamp land 
forms nearly the whole northern and northwestern shore of Red lake 
and is crossed by this railroad survey continuously along its first eight- 
een miles beyond Red lake; but at a distance of twenty-nine miles from 
the lake the profile shows an ascent crossing the highest beach of lake 
Agassiz, which there is 1215 feet above the sea. The next seventeen 
miles of the profile extend across the northeastern edge of a large island 
of lake Agassiz, rising on that line to a maximum hight of 1283 feet, 
with a moderately undulating drift-covered surface. In the next fifteen 
miles, which comprise the descent on a similar but smoother drift sur- 
face from the highest shore of lake Agassiz to the War Road river, an 
affluent of the Lake of the Woods, the profile crosses a succession of ten 
lower beaches of lake Agassiz, marking stages in the gradual uplifting 
of the land and subsidence of the lake, their altitudes above the sea be- 
ing 1196, 1172, 1156, 1143, 1127, 1116, 1106, 1099, 1093, and 1087 feet. 

These data show that lake Agassiz in its highest stage had a large 
island northwest of Red lake, comprising the headwaters of numerous 
streams flowing outward from it to the Lake of the Woods, Rainy river. 
Red lake, the Red Lake river, and the Red river of the North. This 
island had probably a diameter of forty miles or more, with an area ex- 
ceeding 1000 square miles, of which apparently more than half is in 
Beltrami county, the portion farther west being chiefly in Marshall 
county, Minn. For this tract, which has before been supposed to be 
comparatively low and perhaps wholly beneath the highest level of lake 
Agassiz, the name Beltrami Island is proposed, in recognition of the ex- 
ploration of the region of Red lake and the Julian or most northern 
sources of the Mississippi by Beltrami In 1823 (Geol. of Minn., vol. i, 
1884, pp. 44-50, with map). As Prof. N. H. WInchell wrote In the histor- 
ical sketch here cited, this district 'Ms still nearly as wild and uninhab- 
ited as when Mr. Beltrami passed through it.*' During the field work of 
this survey the present season, the boundaries and contour of this island 
will be mapped. 

Beltrami Island lies In the course of northwestward and northward 
continuation of the Mesabi or eleventh moraine of the series mapped In 

^Geol. and Nat. Hist. Survey of Minn., Eighth annual report, for 1879, 
pp. 84-90; Eleventh annual report, for 1882, pp. 137-153, with map; Final 
report, vol. II, 1888, pp. 517-527. U. S. Geol. Survey, Bulletin No. 39, 
with map, 1887. Geol. and Nat. Hist. Survey of Canada,Annual report, 
new series, vol. iv, for 1888-89, part E, with maps and sections. Am. 
Oeolooist, vol. vil, pp. 188-194, 222-231, March and April, 1891. 
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Minnesota, wbich next east from the Narrows of Red lake rises very 
prominently to a hight of 150 to 200 feet for a distance of about ten 
miles upon the peninsula dividing the northern and southern parts of 
the lake. Like nearly the entire western half or two-thirds of Minne- 
sota, this whole region is deeply drift-covered. No outcrops of the bed- 
rocks have been yet found on the large portion of the Bed river basin 
lying in Minnesota; but the conspicuous escarpment of Cretaceous shales, 
overspread by drift, along the west border of the Red river valley, wells 
penetrating to Cretaceous beds along this great valley plain, and the 
topographic features of the land rising eastward from it with nearly 
the same rate of ascent as on the west, lead to the belief that the eastern 
like the western border of this wide valley is formed by an escarpment 
of Cretaceous shales beneath the drift, and that an outlier of these shales 
enveloped by drift forms Beltrami island. It was long ago pointed 
out by Prof. N. H. Winchell that originally the Cretaceous strata ex- 
tended over all the western two-thirds of Minnesota, and on the south- 
east almost to the Mississippi river, since they still are known to be 
largely continuous under the drift; and recent discoveries by Mr. H. V. 
Winchnll of Cretaceous beds at several places along the elevated Mesabi 
iron range in northeastern Minnesota indicate indeed that the Creta- 
ceous marine submergence probably reached to the present site of lake 
Superior. Wabrbn Upham. 

May i2th, 1893, 

Mesozoic Granite m Plumas County, California, and the Cala- 
veras Formation. In a review of Mr. Mills* paper on the ** Bocks of 
the Sierra Nevada,'** the writer makes the statement *Hhat there Is 
thus no evidence extant that the granite of Plumas county is intruded 
into rocks later in age than the Carboniferous." 

In making the statement I had overlooked a paragraph in Mr.Diller's 
paper on the ** Geology of the Taylorville Begion/* p. 394, where occurs 
the following: 

'* The dioritic rocks of the region are a portion of the great granitoid 
mass of the upper Sierra Nevada, and are evidently eruptive, with well 
defined contact phenomena in Triassic formations. Their eruption is 
certainly post-Tr lassie, and may have taken place immediately at its 
close, or after the deposition of the Jurassic." 

The ** Calaveras formation " on p. 309 of the same number of the Ge- 
ologist is defined as including *' all of the Paleozoic sedimentary rocks 
of the Sierra Nevada." This definition may be correct as to the rocks 
of the Gold Belt proper on the western slope of the range where all the 
evidence gathered points to the Paleozoic rocks being Carboniferous in 
age, but it was not intended to include in the ** Calaveras formation" 
the Grizzly Mountain Silurian beds described by Mr. Diller, nor the up- 
per Carboniferous strata of Genesee valley, called by Mr. Diller the 
Bobinsou beds. These do not appear to enter into the composition of 
the main mass of the range. 

*Am. Geologist, vol. XI, May, 1893, p. 312. 
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The ** Calaveras formation '* as thus limited comprises, so far as yet 

kpown, chiefly lower Carboniferous strata, but may extend down into 

the Devonian. The following fossils have been found within its limits: 

Aviculopecten, Clisiophyllum, Spirifera, 

Murchisonia, Fusulina, Phillipsastrea, 

Macrocheilus, Pleurotomaria, Lithostrotion, 

Zaphrentis, Metoptoma, Monticulipora. 

The time range of the formation is thus not fully determined. 

Wa/ghington^ V. C. H. W. Turner. 



PEESONAL AND SCIENTIFIC NEWS. 



Mr. J. T. Scovell, writing in Science, claims for Citlal- 
tepetl or Star mountain, more commonly called Mt Orizaba, the 
distinction of being probably the highest point of North America. 
Spiritlevelling to the hight of 14,000 feet, and triangulation for 
the remaining hight, give the altitude of the summit as 18,314 
feet, being 200 feet above that of Mt St. Elias as determined by 
Ru86ell,and 700 feet above Popocatepetl, which, until recently,was 
believed to be the highest of the Mexican volcanic cones. The crater 
of Citlaltepetl is about 800 feet long and 600 wide, with a depth be- 
tween 400 and 500 feet. The upper 10,000 feet of the mountain 
consist of volcanic rocks, below which the lower slope, according 
to Mr. Hugo Finck, shows Cretaceous limestone, nearly horizontal, 
200 or 300 feet thick, resting on crumpled and folded strata of 
Jurassic limestone, which in turn lie on alternating basaltic rocks 
iind Carboniferous limestones. Cretaceous beds are crossed below 
the altitude of 2, 500 feet in the descent to the Oulf of Mexico. 

The Lakes of Zurich and Wallen, respectively 460 and 560 
feet deep, are shown b}- Du Riche Preller, in the Geological Mag- 
azine, to be due, not to glacial erosion, but to organic deforma- 
tion of the Limmat valley. 

The faunas and floras of the Chatham islands, New Zea- 
land, and the southern portions of Australia, Africa, and South 
America, include so many identical or closely related species, in 
some instances, however, extinct and known only by fossil remains, 
that Mr. Henr}' O. Forbes argues therefrom, in a paper before the 
Royal Geographical Society, that in late geological times they re- 
•ceived land migrations from an Antarctic continent which was 
more extensive and less frigid than now. 

The State of South Dakota has established a geological sur- 
vey, making it a function of the State University at Vermillion, 
on the plan of the Minnesota survey, and Prof. J. E. Todd has 
been appointed state geologist. 

The Family of the late Prof. John Strong Newberry, form- 
erly professor of Geology in the School of Mines, have offered as a 
gift to Columbia College his large scientific library. The collec- 
tion will be known as the Newberry Library of Geology, being a 
memorial to professor Newberry. 
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